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Developed from the long line of successful B.T.L. 
incubators, this new, all-metal, water-jacketed 
model has many improved features. 

« Temperature range is from ambient to 80°C. 


¢ Temperature variation at any point in the chamber is 
0.4°C at 37°C and + 0.2°C at 56°C. 

¢ Temperature differential between two points is 1.5°C 

at 37°C and’ 3:0°C at 56°C. 

¢ Temperature control is by B.T.L. bimetallic regulator 

and ‘Sunvic’ relay, giving reproducibility of + 0.5°C. 

e Temperature setting is by arbitrary illuminated scale 

used in conjunction with calibration table. 

¢ Chamber is of tinned copper, with three shelves, and 

there is an internal door of toughened plate glass. 

e Dimensions are: 203” wide x 17” deep x 27” high 

(internal); 343} wide” « 243” deep « 383” high (overall). 


Catalogue No. C13/015, Price £125.0.0. Please write for full details. 
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An advertisement in the Edwards “‘ Mike Ron” and “ Milly Torr” series. 


Let’s have a little bit of ‘hush’, Milly, 
Let's have some peace and quiet 
No deci-bells ringing — 


Just Speedivacs singing, 
“Still as the night’’. nly. 





In their quiet way, ‘“‘Speedivac’”’ high 
vacuum pumps have done a great deal to 





eliminate noise from the laboratory. Now, 
indeed, you can have a whole battery 

of them working almost as silently 

as if they were actually in the vacuum 
they so efficiently produce. 





“SPEEDIVZJG’ HIGH VACUUM ROTARY PUMPS 


EDWARDS HIGH VACUUM LTD., MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND. Crawley 1/500. 
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EDUCATIONAL PROBLEMS 


YEVERAL recent events of great public importance 
J have received little or no public discussion, due 
presumably to the stoppage in the printing industry 
in Great Britain. Among these events the Common- 
wealth Education Conference, which met in Oxford 
during July 15-29, is outstanding. As the Secretary 
of State for Commonwealth Relations, Lord Home, 
stated in the House of Lords on July 2, this Con- 
ference was called primarily to work out detailed 
arrangements for the new scheme for a thousand 
Commonwealth scholarships and fellowships, which 
was agreed upon by Commonwealth Ministers at the 
Trade and Economic Conference held in Montreal in 
September 1958. The Conference, however, was also 
to review existing arrangements for co-operation 
between the Commonwealth countries on education 
generally, and although it was to settle its own 
agenda, Lord Home indicated that the supply and 
training of teachers and scientific and technical 
education would be subjects of particular importance. 

In making this statement, Lord Home expressed 
the hope that from the Conference there would 
emerge practical schemes for furthering co-operation 
in this vitally important matter of education, where 
the needs are so great and where Commonwealth 
countries have so much to offer one another. Lord 
Home emphasized, too, the high standing of the 
Commonwealth representatives at the Conference, of 
which Lord Halifax was president and Sir Philip 
Morris was chairman, and he referred also to the 
seven study tours of the United Kingdom, designed 
to give the delegates a balanced insight into our 
present system and its working, one of which each 
overseas delegate would make before the Conference 
opened. The contribution of the United Kingdom in 
Commonwealth education is also described in a book- 
let prepared specially for the Conference by the 
Central Office of Information (Hercules House, 
Westminster Bridge Road, London, S.E.1). 

The simple fact, to which also Lord Home directed 
attention on July 3, that any schemes which the 
Conference might propose would almost inevitably 
involve money, sufficiently indicates the importance 
of wide and informed public discussion of the whole 
subject. The magnitude of the contribution which 
Britain is already making in this field must be fully 
understood, both in Britain and in the Common- 
wealth, and the implications elsewhere in terms of 
man-power, even more than in terms of material or 
financial resources, if the proposals of the Conference 
are to be correctly appraised, still more if the resources 
required are to be forthcoming. There can be few 
subjects which better illustrate the bearing of in- 
formed discussion on the functioning of democratic 
institutions, as there are also few in which party 
politics could be more damaging or dangerous. 
Indeed over wide areas, and especially in Africa, 
the suecess of self-government and the survival of 
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democratic institutions may largely depend on our 
success in solving the problems involved in the 
expansion of education, especially secondary educa- 
tion, and in reconciling the clash between the com- 
paratively slow, healthy growth in educational 
institutions and the mounting demand for rapid 
political change. 

In opening the Conference on July 15, the Earl 
of Halifax stressed the practical objectives of the 
Conference, and pointed out that to-day it is a ques- 
tion of the right sort of education at the right time. 
Freedom itself will depend upon the education we 
are now providing for our young people, both because 
of the technical skills that education can provide and 
because of the qualities of character and mind that 
go with it. Lord Home, in a speech on the opening 
night of the Conference, referred to the importance 
of the common pattern of education in the Common- 
wealth and the practical co-operation on which it is 
based, both in relation to the particular objectives 
of the Conference itself and in the wider context of 
the promotion of international understanding, to 
which the interchange of teachers and students could 
make a most effective contribution. 

Speaking in the. House of Lords on July 29, Lord 
Home claimed that the Conference had been an 
outstanding success. In the ten working days at 
Oxford, plans had been made not only to bring into 
operation the Commonwealth scholarship scheme 
approved in principle at Montreal, but also to pro- 
vide for both short- and long-term assistance to 
those Commonwealth countries where a shortage of 
teachers at all levels is holding up the development 
of education and the progress of the economy. The 
scholarship scheme itself will cost about £5 million 
during the first five-year period, of which the 500 
scholarships provided by the United Kingdom will 
take about half. With the 250 offered by Canada, 
100 each by India and Australia, 30 by Pakistan, 
25 by New Zealand, 12 each by Malaya and Nigeria, 
10 each by Ghana and Rhodesia and Nyasaland, 6 by 
Ceylon and 4 by East Africa, the target of 1,000 
scholarships is already exceeded. For the most part 
the scholarships will be given to graduates for 
research or work for higher degrees in universities 
and comparable institutions in other Commonwealth 
countries than their own, and the scholarships will 
be tenable for an average period of two years and 
be comparable in standing with the best offered by 
any other country or in any other way. 

A small number of visiting fellowships to enable 
distinguished Commonwealth professors to visit other 
Commonwealth countries and to work at institutions 
of their own choice will supplement the scholarships, 
and a few scholarships will also be tenable at the 
undergraduate-level where the courses required by 
the candidates are not available in their own countries. 
It may be recalled that the United Kingdom has 
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already contributed in grants and loans under the 
Colonial Development and Welfare Acts some £13 
raillion to higher education, and that there were in 
1958-59 more than 7,000 full-time students from 
other parts of the Commonwealth enrolled in 
universities of the United Kingdom with some 6,600 
students in technical colleges, and of these some 250 
were trainees under the Colombo Plan, so that the 
new scheme is only an extension in scale ; and Lord 
Home pointed out in the House of Lords that the 
Conference itself recognized that it was only making a 
start on the most urgent and specific needs. It there- 
fore recommended that another Commonwealth 
Education Conference should meet in 1961 to review 
progress and to make further plans. 

Lord Home’s statement in the House of Lords 
showed that the Conference also frankly recognized 
that the most serious problem is that of teachers, 
end especially of those qualified to teach in the 
secondary schools, and that this special need of the 
emergent countries can only be met by special efforts 
on the part of the senior members of the Common- 
wealth. The United Kingdom is already sending 
some 2,500 teachers a year to Commonwealth 
countries, but the Conference estimated that about 
a thousand more teachers are wanted each year for 
secondary schools, and two hundred for technical 
schools ; in addition, 500 are wanted at once for 
teacher-training colleges. 

Lord Home said, quite correctly, that in the short 
run the quickest way is to send out teachers already 
trained to occupy key posts overseas, and this the 
older Commonwealth countries are proposing to do. 
University lecturers and professors would be en- 
couraged to take up overseas posts, and in the United 
Kingdom a special effort will be made to help with 
teachers in those scientific and engineering subjects 
in which Commonwealth countries have reported their 
needs are greatest. These subjects are, of course, 
those where the shortage of teachers is felt acutely 
in the United Kingdom, and Lord Home commented 
that, if the objective is to be achieved, administrative 
measures will be necessary including the topping-up 
of salaries calculated on the local scale, the provision 
of passages for the teacher and his family, preserva- 
tion of his pension rights and promotion prospects 
and assistance in resettlement on return. In promising 
the Conference that the British Government would 
help with such measures, Lord Home appealed also 
to teachers to respond to the challenge presented to 
men and women of talent, imagination and sympathy. 

The United Kingdom proposals provide for some 
four hundred additional United Kingdom teachers 
to serve in Commonwealth countries, but the long- 
term solution must be to build up the educational 
resources of the smaller Commonwealth countries by 
providing the staffs for new teacher-training institu- 
tions which they may decide to establish, either in 
their own territory or jointly to serve the needs of a 
particular region. Accordingly, said Lord Home, we 
would provide in the United Kingdom five hundred 
more places for teacher trainees from those countries 
as from the academic year 1960-61, and £250,000 
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a year for grants to the students occupying thein. 
There were already, in 1958-59, 728 Commonwealth 
students training as teachers in the United Kingdom 
and if, as Lord Home stated, Canada, Australia, New 
Zealand, India and other countries make considera))le 
contributions, the position should be significantly 
improved when the next Conference meets. 

The expansion of technical education will take 
time, but here also the Conference has initiated new 
efforts to speed the process. The need for trained 
teachers in technical subjects, the continuing need 
for industrial training and the great shortage of suit- 
able books and equipment were all emphasized. In 
the United Kingdom, it is planned that during the 
next ten years some 4,000 additional places will be 
available to the Commonwealth students in technical 
colleges. The Federation of British Industries and the 
industrial research associations have already _in- 
dicated their intention to continue the facilities now 
offered to overseas students and to expand them in 
certain directions. 

These further projects discussed at the Conference 
are estimated to cost at least a further £5 million 
during the next five years, of which the United 
Kingdom contribution will be about £3-5 million, 
making a contribution of some £6 million out of the 
total of at least £10 million. This, as Lord Home 
observed, is a substantial contribution, and it does 
not stand alone. Indeed, it is not easy to estimate the 
full financial magnitude of the United Kingdom con- 
tribution to Commonwealth education even at the 
university-level. Account has to be taken of what 
is being done through the British Council, the 
Nuffield Foundation and like institutions, and 
through the Commonwealth University Interchange 
scheme. 

Even if the financial magnitude of the British 
contribution could be accurately assessed, this is 
possibly the least important aspect. Compared with 
the magnitude of expenditure on education in Britain 
alone—estimated as likely to exceed £1,000 million 
within the next decade—it is relatively trivial, and 
it is small also in comparison with expenditure in 
Britain on scientific and industrial research, with 
which it is so closely connected. Essential as it is 
that adequate financial resources should be available 
for Commonwealth education, man-power is_ the 
decisive factor, and it is imperative that financial 
resources should be wisely applied so as to remove s0 
far as possible all obstacles to the free interchange 
of students and teachers. The benefits of such move- 
ment are reciprocal, and the Conference should at 
least have emphasized that in such wandering 
scholars the Commonwealth has one of its most 
valuable assets. 

On that there are perhaps two points of special 
interest at the present time. Prof. Kenneth Robinson 
has directed attention to the value of exten:ing 
interchange to research and to the need for research 
fellowships and studentships which would enable 
young United Kingdom graduates to spend a year 
or two in one of the other countries of the Common- 
wealth, studying some aspect of the history, culiure 
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or contemporary social, political or economic prob- 
lems of that country. There are, he claims, many 
urgent and important pieces of research in this field 
which young United Kingdom graduates cannot at 
present be encouraged to undertake because of the 
lack of opportunity to spend the necessary time in 
the Commonwealth country concerned. Such work 
is at present often done by Americans, although the 
Nuffield Foundation has supported some such studies 
and the Commonwealth universities are fully alive 
to the value of such Rhodes scholarships in reverse. 
Nevertheless, there is an undoubted need for a rapid 
extension and increase of funds and facilities enabling 
United Kingdom graduates to spend substantial 
periods on research work overseas, and it should not 
be forgotten that a further beneficial result would 
be to build up in Britain a growing corps of 
sraduates who would have first-hand knowledge of 
the problems and culture of other parts of the 
Commonwealth. 

The second and even more urgent point is that of 
the supply of teachers, and especially secondary school 
teachers. Prof. Arthur Lewis, when economic adviser 
to the Ghana Government, estimated that countries 
emerging from Colonial status are not self-sufficient 
in secondary school teachers until about 4 per cent 
of each generation is entering the secondary schools. 
Only in Western Nigeria is this proportion reached, 
though in Ghana great efforts are being made in the 
current development plan to exceed the present 
2 per cent. Many other territories, such as Kenya, 
Nyasaland and Northern Nigeria, are far behind ; and 
although in some territories the primary school 
numbers are creditable, until comparatively recently 
there has been practically no secondary education 
in many areas. 

What the Commonwealth Education Conference 
has emphasized above all is that advance in educa- 
tion depends not only on sufficient financial resources 
but still more on foresight, patience and sacrifice. 
Teachers of the calibre demanded for secondary 
schools, especially for work in the sixth forms, are 
not to be found overnight. Their training calls for 
tutors of high calibre, and time to complete that 
training not simply in secondary courses but also 
in teachers’ training courses and sometimes to 
graduate-level in university institutions. 

This is the real—and the key—problem in educa- 
tion for the emergent territories, and it is only in- 
directly and in the long term that the scholarship 
scheme at the university-level will contribute to its 
solution. Meanwhile, the emergent territories depend 
on the older members of the Commonwealth for the 
help essential to build up as rapidly as possible 
systems of secondary education capable of meeting 
the demands for emergent nationhood. Financially, 
this is bound to involve expenditure far in excess 
of the £10 million immediately contemplated at the 
Commonwealth Education Conference, including 
capital expenditure as well as grants for recurrent 
expenditure on secondary education, while an even 
greater strain may be put on the human resources 
of the Commonwealth. 
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Of this Lord Home was manifestly conscious in 
his appeal, at the closing of the Conference, so far 
as higher education is concerned ; and it is no less 
true of secondary education. Most of the senior 
members of the Commonwealth are themselves short 
of secondary school teachers—ir. some the shortage is 
a result of the racial policies pursued by them—and 
special measures are already being concerted in the 
United Kingdom to meet the situation arising 
as ‘the bulge’ approaches our sixth forms. The 
measures promised by Lord Home may help to 
increase the numbers of teachers which we already 
send to Commonwealth countries, though it may still 
be necessary to explore other possible emergency 
measures which changes in our economy may offer. 
These alone will not suffice, however, without the 
imaginative response and enthusiasm for which Lord 
Home appealed. To create the public and professional 
understanding on which such a response can be 
soundly based is an urgent and primary task for 
which the Government has a primary responsibility. 
For this reason it is imperative to expedite as much 
as possible the publication of the full report of the 
Conference, and ensure that it is widely discussed 
both in Parliament and outside. 


BERTRAND RUSSELL, 
PHILOSOPHER 


My Philosophical Development 
By Bertrand Russell. Pp. 279. (London : 
Allen and Unwin, Ltd., 1959.) 18s. net. 


LL those whose study of philosophy is grounded 

in the empirical tradition regard Lord Russell 
as the greatest living philosopher. His philosophizing 
started in the ‘nineties when philosophy in Britain, 
in Europe and most of the United States was 
dominated by idealisms deriving either from Hegel or 
from Kant. After a few years as a “full-fledged 
Hegelian” (p. 42), Russell tells us that in 1898 both 
G. E. Moore and he ‘“‘rebelled against both Kant and 
Hegel” (p. 54). From this rebellion sprang the current 
of empiricist or ‘scientific’ or ‘analytic’ philosophy 
which to-day, in one form or another, dominates 
philosophical thinking and teaching throughout the 
English-speaking world and plays an important part 
in the pattern of our contemporary culture. Although 
one should not neglect other influences—in particular, 
that of Moore, of Frege, of the Polish philosophers, of 
C.S. Peirce and the American pragmatists, and of the 
greatest of Russell’s pupils Wittgenstein (about whom 
there is a good deal in this book)—there is no doubt 
that the main responsibility for the present state 
of philosophy lies squarely on Russell’s shoulders. 
Without his work in the first quarter of this century 
it is difficult to see how the logical positivist move- 
ment could have arisen ; and, if philosophers’ interest 
in the use of language had developed independently 
of analytic philosophy, it would have taken a much 
less realist form. Russell’s influence has been largely 
due to his immense fertility of ideas, and to his 
willingness to publish them even though he might 
later have to retract or modify his conclusions. 
There are few philosophers in history who have 
written important philosophical works almost con- 


George 











750 


tinuously for fifty years: Russell has added to the 
immense debt we owe him by now giving us a full- 
scale account of his philosophical development, 
written with all the clarity, verve and wit we are 
accustomed to expect from anything he writes. 

“My philosophical development,” Russell starts 
the book by saying, “‘may be divided into various 
stages according to the problems with which I have 
been concerned and the men whose work has influenced 
me. There is only one constant preoccupation : I have 
throughout been anxious to discover how much we 
can be said to know and with what degree of certainty 
or doubtfulness” (p. 11). Considering rational bases 
for geometry and for mechanics led Russell back to 
arithmetic ; and four chapters of this book are devoted 
to general questions involved in his attempt to derive 
mathematics from logic, which culminated in White- 
head and Russell’s ‘‘Principia Mathematica”’. Russell 
gives a lucid informal account of the logical paradoxes 
which caused him so much trouble, and of the theory 
of types which he invented in 1908 to solve them. 
Though systems of mathematical logic have been 
constructed recently which do not explicitly make use 
of distinctions of type in Russell’s manner, they almost 
all presuppose restrictions upon the use of symbols 
which are virtually equivalent to a type theory. 
The philosophical insight in Russell’s theory is that 
a sentence may be perfectly well constructed accord- 
ing to grammatical rules and yet lack meaning : there 
are logical restrictions upon the significant combina- 
tion of symbols as well as purely grammatical ones. 
The emphasis later laid by logical positivists upon the 
nonsensicality of many apparently sensible expres- 
sions was foreshadowed in Russell’s theory of types 
(see pp. 14, 160). 

After 1910 Russell turned his attention to theory 
of knowledge, and in 1914 put forward his well- 
known programme of substituting, so far as possible, 
logical constructions for inferred entities. This pro- 
gramme, and the similar ‘operationalist’ programme 
advanced by P. W. Bridgman in 1927, has made 
great appeal to philosophers of science, many of whom 
have attempted to apply it to the construction of 
various scientific concepts. In this book Russell says 
that he “soon became persuaded that this is an 
impossible programme and that physical objects 
cannot be interpreted as structures composed of 
elements actually experienced” (p. 105). I do not 
think that Russell ever published his reasons for his 
change of view : cogent reasons for the impossibility 
of the logical construction programme were first 
given by F. P. Ramsey in 1931. In Russell’s later 
writings, and in this book, similarity of structure is 
taken as being the connecting link between the electro- 
magnetic waves used in broadcasting and auditory 
sensations (p. 204). Though Russell speaks (not very 
happily, I think) of scientific knowledge using 
“artificially manufactured entities’, “‘real or supposed 
entities”, ‘‘scientific abstractions” (pp. 205-6), ‘“‘con- 
structions composed of events and taken as units for 
the convenience of the mathematician’’ (p. 27), he 
would not now regard these as having to be given, 
directly or indirectly, in terms of experience. “I 
cannot see that there is any ground whatever for this 
opinion [that there can be nothing which is not 
experienced or experience], nor even for the view 
that we cannot know that there are things we do not 
know”’ (p. 144). 

Other problems with which Russell has been con- 
cerned and which he treats in this book are those of 
consciousness and perception, of non-demonstrative 
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inference, of truth, of names and of language in 
general. With regard to language, Russell recounts 
how he moved from regarding it as ‘“‘transparent’’ to 
realizing its philosophical importance. Nevertheless 
“the essential thing about language is that it has 
meaning—i.e., that it is related to something other 
than itself, which is, in general, non-linguistic”’ (p. 14). 
“In regard to truth and falsehood, a sentence is only 
important as a vehicle of belief’? (p. 154). Russell 
wholly rejects the view that the study of language is 
an end in itself for a philosopher. Nor does he accept 
any hard and fast separation of philosophy from 
science. ‘Philosophy cannot be fruitful if divorced 
from empirical science” (p. 254). Of the outcome of 
his recent work on inference he says that ‘‘the reasons 
for accepting it are the ordinary reasons applied in 
scientific work, not remote reasons derived from some 
metaphysical theory. There is no claim to cer- 
tainty” (p. 207). In this book Russell does not (as he 
did in 1914) speak of “‘scientifie method in philo- 
sophy”’, a phrase which may mean anything or 
nothing. But if by the scientific spirit is meant the 
persistent and single-minded attempt to ‘“‘understand 
the world” (p. 230) by envisaging bold but tentative 
hypotheses without ever losing sight of the facts which 
these hypotheses are intended to explain, Russell’s 
work exemplifies this spirit better than does that of 
any other contemporary philosopher. 

R. B. BRAITHWAITE 


CATALYSIS 


Catalysis 

Edited by Paul H. Emmett. Vol. 5: Hydrogenation, 
Oxo-Synthesis, Hydrocracking, Hydrodesulphuriza- 
tion, Hydrogen Isotope Exchange and Related 
Catalytic Reactions. Pp. vi+542. (New York: 
Reinhold Publishing Corporation ; London: Chap- 
man and Hall, Ltd., 1957.) 120s. 


Advances in Catalysis and Related Subjects 
Edited by Adalbert Farkas. Vol. 9. Pp. xviii+ 847. 
(New York: Academic Press Inc.; London: Aca- 
demic Books, Ltd., 1957.) 16 dollars. 

OLUME 5 of “‘Catalysis’’ continues the descrip- 

tion of various hydrogenation processes which 
has already extended through the previous two 
volumes; and the allotment of so much space, even 
in a major treatise on catalysis, is in itself a sign 
of the importance which this type of reaction has 
attained in modern academic and industrial chemistry. 
Following an introductory section on the general 
reactivity of carbon monoxide, I. Wender, H. W. 
Sternberg and M. Orchin contribute a well-written 
chapter on the high-pressure hydrogenation of mix- 
tures of carbon monoxide and olefines to long-chain 
ketones by the oxo reaction. In this, considerable 
interest is attached to the use of soluble catalvsts 
derived from cobalt or nickel carbonyls since, in this 
way, homogeneous liquid hydrogenation systems can 
be obtained. A good survey is also given of the 
general theory of the reaction mechanism involved and 
of the part played by carbonium ions in this. The 
next chapter, by G. Natta, U. Colombo and I. Pas- 
quon, deals with the use of promoted mixed-oxide 
catalysts for the hydrogenation of carbon monoxide 
to higher aliphatic alcohols and supplements a section 
in an earlier volume on the synthesis of methy] alcohol. 
There is, in this field, abundant scope for the further 
study of the basic mechanism of promoter action, 








abc 
ver 
the 

| 
aro 
con 
sub 
rev 
COV 
het 
oce 
hve 
pro 
tior 
hve 
easi 
met 
con 
arti 
of | 
sur 
imp 
spir 
mile 
qua 
hyd 

it 
ratl 
the 
lack 
sepi 
alec 
alec 
gem 
redi 
how 
whe 
on | 
mal 

T 
Cat: 
inte 
del 
the 
rapi 
larg 
may 
wor! 
forn 
whit 
soci 
mod 
in te 

i 
Tay 
cata 
hist 
has 
resp 
cata 
gene 
man 
sect] 
selec 
side 
grou 
A.4 
tion 
are « 
sing] 


eoul 





4 


e in 
unts 
9 to 
eless 
has 
ther 
14). 
only 
sse]] 
ze is 
cept 
rom 
reed 
e of 
sons 
d in 
ome 
cer- 
s he 
iilo- 
or 
the 
and 
tive 
hich 
ell’s 
t of 


ion, 
iza- 
ited 
rk: 
ap- 


347, 
\Ca- 


rip- 
ich 
Pwo 
ven 
sion 
has 
ry. 
ral 


ten 
1iX- 
ain 
ble 


his 
an 
the 
ind 
‘he 
as- 
ide 
ide 


ion 
iol. 
ner 








No. 4689 September 12, 1959 
about which relatively little is known in spite of the 
very large amount of work which has been done on 
the subject. 

The long monograph on the hydrogenation of 
aromatic compounds by H. A. Smith, who has himself 
contributed considerably to our knowledge of this 
subject, stands out as a comprehensive survey and 
reviews systematically a very large number of papers 
covering the catalytic reduction of carbocyclic and 
heterocyclic substances. This detailed treatment also 
occurs in the chapter by T. I. Taylor on the use of 
hydrogen isotopes for the detection of subsidiary 
processes involving hydrogen exchange, bond migra- 
tion or other reactions which are superimposed on the 


hydrogenation itself and, in many cases, cannot 
easily be recognized in other ways. In addition, the 
method throws considerable light on the internal 


complexity of hydrogenation generally. Finally, the 
article by J. B. McKinley on the hydrodesulphurization 
of liquid petroleum fractions gives an authoritative 
survey of a type of process which has done much to 
improve the general quality of commercial motor 
spirit and which has only become practicable econo- 
mically by the recent availability of very large 
quantities of by-product hydrogen derived from 
hydroforming reactions. 

In a major work of this type, published with 
rather long intervals of time between the issue of 
the individual volumes, it is difficult to avoid some 
lack of logical sequence: for example, the wide 
separation of the article on the synthesis of higher 
alcohols in the present volume from that of methyl 
alcohol in Volume 3, and the chapter on the hydro- 
genation of aromatic compounds from those on the 
reduction of olefines and acetylenic derivatives. This, 
however, is a minor criticism; and the work as a 
whole is to be recommended as an up-to-date treatise 
on catalysis, which should be of great value to the 
many chemists who are interested in this subject. 

The publication, as a volume of ‘Advances in 
Catalysis’, of the 84 papers which were read at the 
international congress on catalysis held in Phila- 
delphia in 1956 constitutes an alternative policy to 
the spreading of these contributions in a single and 
rapidly growing field of knowledge among a relatively 
large number of individual journals, some of which 
may be accessible only with difficulty to chemists 
working in smaller institutions. In addition, it 
forms one way of relieving the increasing pressure 
which is being felt by some of the various publishing 
societies in providing adequate space for the accom- 
modation of all the otherwise suitable papers now sent 
in to them. 

Following introductory addresses by Sir Hugh 
Taylor and by Sir Eric Rideal on general aspects of 
catalysis and on the course of its development from a 
historical point of view, the large mass of new material 
has been arranged in four main groups covering 
respectively the chemistry and physics of solid 
catalysts, homogeneous catalysis, surface chemistry 
generally, and miscellaneous catalytic reactions, 
many of these groups being subdivided into sub- 
sections. While it is difficult in a short review to 
select individual papers for special comment, con- 
siderable interest is attached in the first of these 
groups to the contribution by R. E. Cunningham and 
A. T. Gwathmey on the relative rates of hydrogena- 
tion of ethylene on the various crystal planes which 
are exposed as outcrops on the surface of a spherical 
single nickel crystal. The relative rates observed 
could not be explained in terms of the ease of geo- 
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metrical accommodation, without undue strain, of 
the ethylene molecule ; and it is probable that bulk 
dislocations, which begin within the catalyst, lead 
to unusual interatomic distances in the surface 
lattice. Prof. J. H. de Boer amplifies this point by 
discussing the part played by pore structure in pro- 
viding sites for reaction within the gross external 
surface of supported and other catalysts. 

In a further introductory address, Prof. W. E. 
Garner gives a good account of the present state of 
work on reactions involving electron transfer on and 
in mixed-oxide catalysts, including semiconductors ; 
and this is supplemented by a number of further 
papers in this field, including one by Prof. G. M. 
Schwab in which the effect of illumination on electron- 
transfer processes between the surface of semi- 
conductors and catalysable substrates is discussed. 
Reaction paths and energy barriers in homogeneous 
catalytic systems have been dealt with by Prof. D. D. 
Eley, who also includes processes catalysed by en- 
zymes. Later sub-sections contain a large number 
of papers on the relation of surface chemistry to 
-atalysis, the catalytic reactions of hydrocarbons 
(which is introduced by Dr. E. J. Houdry), tracer 
techniques, with an introduction by Prof. P. H. 
Emmett, and miscellaneous catalytic reactions. The 
subsequent discussions to all the papers are printed 
in full. E. B. MAXTED 


INTRODUCTORY ELECTRONICS 


Principles of Electronics 

By Prof. M. R. Gavin and Dr. J. E. Houldin. (Physi- 
cal Science Texts.) Pp. xii+ 348. (London: English 
Universities Press, Ltd., 1959.) 30s. net. 


HE trouble with this book is that it is not really 

clear for whom it is written. The general editor’s 
foreword states that each volume in the series ‘“‘is 
designed to give the reader an integrated account of 
a subject up to the level of an Honours Degree of 
any British or Commonwealth University”’. But the 
authors claim that it is only a general introduction to 
thé subject of electronics or, as shown on the dust 
cover, ‘‘an introductory course for a first degree or 
diploma in physics or electrical engineering”; then 
they go on to claim that, for most of the book, the 
standard of mathematics required is no more than 
that of the Advanced Level of the General Certificate 
of Education. Whatever the intentions, there is little 
doubt that the book is very suitable for the early years 
of an electrical engineering course but will scarcely 
cover the requirements of the final stages of an 
honours course in electrical engineering. 

Within the restrictions mentioned above, the book 
is a good one. Its descriptions are extraordinarily 
lucid and_straightforward—almost anyone could 
understand them; and the book might be useful 
even to technicians. It is a book one can enjoy read- 
ing; the subject-matter is well selected and strikes 
a pleasant balance between thermionic valves on 
one hand and transistors on the other; between 
physics on one hand and circuits on the other. 
The coverage of the subject-matter is wide, including 
the basic electron physics (nearly 100 pages), ampli- 
fiers (about 90 pages), oscillators (sinusoidal and 
relaxation), very-high-frequency valves, rectification, 
modulation and detection, wave-shaping, and noise. 
It is not surprising that the authors do not find room 
for communication and control systems or for any 
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study of passive circuits. The book is not at any 
stage abstruse, and unimportant and irrelevant matter 
seems absent. A very valuable feature is the inclusion 
of about 250 examination-type problems. The pro- 
duction is very attractive and the price is reasonable. 

Not only can the book be recommended as an 
introductory text for electrical engineering students, 
but it may also prove useful to many fully fledged 
engineers and physicists who wish to get up to date 
on the proper relationship of thermionic and tran- 
sistor circuits. It compares favourably with other 
recent books on this subject. 

One or two faults in the book should be mentioned. 
The reviewer did not take kindly to the split infinitives 
on p. 28—‘‘to just ionise” and “‘to just excite’’—nor 
to the spelling ‘“‘alinement’’ on p. 37. There is an 
error in the analysis of a circuit on p. 242 (and 
another similar one on pp. 251-2) where the authors 
neglect the existence of the voltage across the load 
of a diode. D. G. TUCKER 





HISTOLOGY 


Textbook of Comparative Histology 
By Dr. Warren Andrew. Pp. xix +652. (London and 
New York: Oxford University Press, 1959.) 120s. net. 
Histochemical Technique 
By Dr. W. G. Bruce Casselman. (Methuen’s Mono- 
graphs on Biological Subjects.) Pp. 205. (London : 
Methuen and Co., Ltd.; New York: John Wiley 
and Sons, Inc., 1959.) 18s. net. 

SURVEY of the histology of both invertebrates 
A and vertebrates in a single volume is indeed 
a formidable task, and even partial success must 
rank as a considerable achievement. Certainly a 
cursory examination of Andrew’s book does throw 
its deficiencies into some relief, and more continuous 
reading is required to reveal its virtues. The tempta- 
tion of saying too little about too much is not entirely 
avoided and rather many topics are treated too briefly 
to be easily intelligible; nor is the difficulty over- 
come of being reasonably up to date, for references 
from the last decade are somewhat infrequent. The 
chapter bibliographies are unduly short; for the 
excretory organs of all invertebrates there are thirteen 
titles ending at 1940, and in general they refer mainly 
to American and older German work ; there is little 
attempt either to include all the great classical papers 
or to present a scheme for further reading. The cover- 
age of the subject is often correspondingly restricted 
and there are some disappointing omissions. Never- 
theless the advanced undergraduate audience for 
whom the book is primarily intended will find in it 
much pleasant ancillary reading, arranged in a 
manner which should stimulate their further interest. 
The broad comparative and essentially functional 
approach emphasizes the general similarities of the 
problems facing all animals, and brings out under- 
lying analogies in their solutions. The illustrations 
are numerous and well chosen and the writer’s 
style agreeable, so that such a volume might well lead 
a student towards one of the most attractive entries 
into the practice of zoology. 

The scope and precision of classical histology have 
been rapidly extended in recent years by the increas- 
ing use of physical and chemical methods, and any 
further assistance in their technical application is 
welcome. Casselman opens with some interesting 


chapters on the general methods, potentialities and 
limitations of microscopical histochemistry, followed 
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by succinct accounts of the main groups of substances 
studied by these techniques. The chapter on lipids 
and their separation, at least to the degree of separa- 
tion so far feasible, is particularly helpful, but that 
on proteins does seem to under-estimate some of the 
technical difficulties involved. The point of view 
throughout is chemical and the book can.be recom- 
mended to biologists primarily as a very useful addi- 
tion to the other texts now available. T. KERR 


GENETIC ANALYSIS 


Trends in Genetic Analysis 
By Prof. G. Pontecorvo. (Columbia Biological 
Series, No. 18.) Pp. x+145. (New York: Columbia 
University Press; London: Oxford University 
Press, 1959.) 25s. net. 

HE past fifteen years have seen a revolution in 

genetics comparable to the introduction into 
physics of quantum theory. Several lines of research 
have contributed to this revolution. The study of 
biochemical genetics established the concept of ‘one 
gene, one enzyme’. The analysis of transformation 
and transduction in bacteria showed that hereditary 
information is carried by nucleic acid. These two 
conclusions made clear the need to analyse the struc- 
ture of nucleic acids, to relate this structure to the 
processes of replication and of protein synthesis, and 
to seek for the kinds of changes in proteins which 
result from genetic mutation. But most important of 
all has been the increase in what Prof. Pontecorvo 
has called the “resolving power”’ of genetic analysis. 
This has caused the abandonment of the old picture 
of chromosomes consisting of a series of hereditary 
units or genes connected by regions at which, and 
only at which, recombination can take place, and the 
recognition that genes themselves have a linear struc- 
ture resolvable by crossing over. 

Prof. Pontecorvo’s book is mainly concerned with 
this last field of research, although conclusions from 
other fields are mentioned where they are relevant. 
The six chapters deal with genetic analysis and its 
resolving power, allelism, the structure and function 
of the genetic material, recombination, mapping 
chromosomes via mitotic recombination and novel 
genetic systems. 

This is an exciting book, partly for the logic and 
clarity with which new ideas are presented, and partly 
because the problems which it raises are as fascinat- 
ing as the ones which it answers. Prof. Pontecorvo 
has himself made a decisive contribution to the study 
of the fine structure of genes by his recognition and 
subsequent demonstration that the phenomenon of 
“position pseudo-allelism’’ described by E. B. Lewis 
is not a genetic anomaly, comparable, for example. 
to the Notch deficiency in Drosophila, but is a typical 
effect, to be expected if the genetic material is linear 
in its fine structure as well as in its gross morphology, 
and if its proper functioning depends on the integrity 
of functional units, which Benzer has since per- 
suaded us to call cistrons. For the general biologist 
who wants to know how this idea has been developed, 
and how it has been combined with discoveries in 
other fields to give a coherent picture of what genes 
are and what they do, this book is an admirable 
although sometimes a difficult guide. 

But the book is mainly intended for geneticists. 
and it seems unlikely that many will be so unwise as 
to leave it unread. For them, Prof. Pontecorvo’s 
greatest virtue is his gift for throwing into relief what 
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we do not know. The search is already on for the 
geneticist’s Rosetta Stone, that is, for a protein 
which can be analysed in the same detail as hemo- 
globin, determined by a gene the fine structure of 
which can be resolved in the same detail as Benzer has 
resolved the rJJ locus in phage 7'4. But there are 
other problems to which no answer is at present in 
sight. One is the relationship between the structure 
of deoxyribonucleic acid, and the processes of 
chromosome replication and recombination ;_ it is 
not clear at present whether replication and recom- 
bination are separate processes or different aspects of 
the same event. A still more fundamental difficulty 
is the relationship between gene action and morpho- 
genesis. If the revolution in genetics achieves its 
present objectives, we shall know how a fertilized 
ege receives the instructions which tell it how to 
make a large number of specific proteins ; but there 
is a big difference between a bag of proteins and an 
animal or plant. J. MAYNARD SMITH 
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A NEW APPROACH TO IMMUNITY 


The Clonal Selection Theory of Acquired Immunity 
By Sir Macfarlane Burnet. (The Abraham Flexner 
Lectures of Vanderbilt University, 1958.) Pp. 
ix. 209. (Cambridge: At the University Press ; 
Nashville, Tennessee : Vanderbilt University Press, 
1959.) 22s. 6d. net. 

HE basic problem of immunology is to understand 

how the body responds by making antibodies 
against foreign macromolecules, while refraining from 
making antibodies against the great variety of macro- 
molecules which are present in its own tissues. No 
satisfactory instructive theory has been yet put 
forward to explain how the presence of the antigen 
causes cells to synthesize antibody molecules with a 
complementary surface structure. In the Abraham 
Flexner Lectures given at Vanderbilt University for 
1958, and published in this book, Sir Macfarlane 
Burnet has approached the problem at quite a 
different angle. He postulates that individual 
mesenchymal cells are genetically endowed with the 
potentiality for making globulin capable of combining 
with a particular antigenic configuration. In the 
adult organism, contact of the mesenchymal cell with 
the right antigen causes that cell to proliferate and 
to differentiate, so as to produce a clone of cells 
making, or capable of making, antibody which 
combines with the antigen. The mesenchymal cells 
are regarded as being subject to a high rate of somatic 
mutation, so that, when a clone proliferates, some 
members will produce globulin better adapted to the 
antigen, and these cells in turn will be stimulated 
selectively to proliferate, and so on. In this way, 
more and more cells will produce antibody capable 
of -ombining with more of, or more firmly with, the 
antigen surface. The problem of antibody production 
in response to an antigenic stimulus becomes there- 
fore a problem in cell population dynamics, and the 
often amazing specificity of antibody for the antigen 
is achieved by a selective, rather than by an instruc- 
tive, process. To account for the phenomenon of 
immunological tolerance, and the failure of antibodies 
to be formed against molecules present in the organ- 
ism at birth, Burnet suggests that, during the stage 
of immunological immaturity, contact of antigen 
with cells potentially capable of making antibody 
against it results not in stimulation but in deletion 
of those clones. Hence the adult animal possesses cells 
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capable only of being stimulated by molecules with 
surface configurations not shared by its own com- 
ponents. All other clones become forbidden. 

If this ingenious theory is correct—in essence, even 
if not in detail—a fairly ready explanation is available 
not only for many of the cardinal features of immune 
responses, such as the difference between primary 
and secondary, or immunological memory and 
anamnestic reactions, but also for the development 
of auto-antibodies. According to the clonal solution 
hypothesis auto-antibodies could be evoked by body 
constituents which were screened from mesenchymal 
cells during the stage of immunological immaturity 
(for example, lens protein, or thyroglobulin), or which 
only developed later (for example, spermatozoa). They 
might also arise by somatic mutation in adult life of 
clones of cells capable of responding to forbidden 
patterns, such as to nucleic acid. Burnet makes the 
good point that antibodies are normally never formed 
against even heterologous deoxyribonucleic acid, but 
that when for some unknown reason they do appear, 
in persons with disseminated lupus erythematosus, 
they react with deoxyribonucleic acid from all sources 
including the nuclei of the sufferer’s own cells. On the 
basis of his theory clones capable of making antibody 
against any deoxyribonucleic acid are forbidden, and 
eliminated, for the very reason that when antibody 
is formed, as a rare result of a somatic mutation, it 
will be an auto-antibody. 

This example illustrates the self-consistency and 
the attractiveness of the theory. It is important to 
remember, however, that there is very little direct 
evidence to support its main assumption that clones 
of mesenchymal, cells have a built-in response to a 
particular antigenic pattern, or to explain their 
deletion during embryonic life and stimulation later. 
The subsidiary hypothesis that lymphocytes, macro- 
phages, plasma cells and primitive reticulum cells are 
all interconvertible is one the truth of which is con- 
venient rather than proved, and so is the assumption 
that mesenchymal cells are hypermutable as regards 
somatic mutations. Biochemically minded readers 
may be disappointed by the frank rejection of a 
biochemical approach, and by the relegation to chance 
variations in a basic globulin structure of the problem 
of how antibody is synthesized with a pattern com- 
plementary to the antigen. Some may even be 
stimulated to try to show that a single cell can 
produce two or more unrelated antibodies at the same 
time—a finding which would be difficult to accom- 
modate into the theory, and on which the evidence 
is at present conflicting. 

The later chapters set out to show how the theory 
would apply to a wide range of phenomena from 
collagen disease to cancer, and to some of the latest 
experimental findings in immunology. Burnet 
manages with elegance in some cases, ingenuity in 
others, and occasionally a good deal of stretching to 
accommodate them all—including at least two experi- 
mental findings which have since become highly 
suspect or been withdrawn. This last is mentioned 
no more than as a warning that Sir Macfarlane has 
such enthusiasm and confidence in his latest ideas, 
that he can sweep up everything, including the readers, 
in his path. The ideas are, in any event, original and 
stimulating and have been carried further than any- 
one has tried to carry any of the alternative hypo- 
theses. It is likely that a good deal of future work will 
be influenced by them, for their author has a reputation 
of having hit the right nail on the head on notable 
occasions in the past. J. H. HUMPHREY 
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Statistics of Extremes 


By Prof. E. J. Gumbel. Pp. xx+375. (New York: 
Columbia University Press; London: Oxford 


University Press, 1958.) 120s. net. 

HE theory of extreme values is concerned with 

the probability distribution of the largest values 
encountered in samples of finite size: it has many 
applications including the occurrence of floods and 
droughts and the breakdown of materials, such as 
aircraft components, subject to varying stresses and 
strains, 

Prof. Gumbel has for many years been a lead- 
ing authority on the subject and his book is 
likely to become a standard work. Although the 
book appears to contain little essentially new theory, 
it collects and elaborates previous work hitherto 
widely scattered in the statistical literature and con- 
tains many tables and graphs of functions occurring 
in the theory. There is an excellent bibliography 
containing references to both theoretical and applied 


work. The text includes numerous exercises for the 
reader. The eight chapter headings are ‘“‘Aims and 


Tools’, “Order Statistics and Their Exceedances’’, 
“Exact Distribution of Extremes’, ‘Analytical 
Study of Extremes’’, “The First Asymptotic Distribu- 
tion’’, ‘“Uses of the First Asymptote’’, ““The Second 
and Third Asymptotes”’ and “‘The Range’’. 

Although several examples of applications are 
discussed, this book is not a ‘cook-book’ of practical 
methods, but it should prove extremely useful to the 
statistician required to analyse extreme-value data. 
The scientist interested in practical applications will 
need considerable mathematical and statistical 
experience to follow the rather concentrated and 
sophisticated mathematics. In particular he may 
find difficulty in assessing the practical importance 
of some of the concepts defined and some of the 
results derived. 

The high cost probably makes this book one for the 
library rather than for the individual and is presum- 
ably due to the large number of graphs it contains. 

R. N. CURNOW 


The Chemistry of Natural Products 
Vol. 1. The Alkaloids. By K. W. Bentley. Pp. vii+ 
237. 4 dollars. Vol. 2. Mono- and Sesquiterpenoids. 
By P. de Mayo. Pp. vii+320. 52s. Vol. 3. The 
Higher Terpenoids. By P. de Mayo. Pp. vii+239. 
42s. (New York: Interscience Publishers, Inc. ; 
London: Interscience Publishers, Ltd., 1959.) 
OOKS on natural products have in the past 
usually suffered from several disadvantages : 
they have tended to consist of catalogues, and quite 
frequently have been written by specialists who had 
rather lost contact with the general body of advancing 
science and did not emphasize relations to chemistry 
in general. A very welcome tendency is for young and 
enthusiastic men, themselves deeply involved in the 
subject from the research side, to summarize fields of 
research in what might be described as super Ph.D. 
theses. The advantage of their approach is that it 
is fresh, but nevertheless authoritative, and that their 
acquaintance with modern theories of reaction 
mechanisms and biosynthetic theories enables them 
to produce monographs which are of general interest 
and general importance. The three books in the title 
are in this class. They should interest and inform 
advanced undergraduates, research students and 
university or college teachers who have not had the 
time to keep up with the literature. They are not 
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perhaps exhaustive enough for research specialists 
but should provide useful starting-points for research. 
The general resemblance to theses, particularly in 
the formulae, will not please lovers of beautiful 
books, but presumably they would otherwise have 
been more expensive. They can be heartily recom- 
mended to all who are interested in rapidly advancing 
fields whether as teachers, students or research 
workers. A. J. Bircu 


The Psychology of Social Class 
By Maurice Halbwachs. Translated by Claire De- 
lavenay. (Heinemann Books on Sociology.) Pp. 
xvii+142. (London: William Heinemann, Ltd., 
1958.) 16s. net. 
ou peer HALBWACHS was a French socio- 
logist who learnt in his early manhood to share 
the liberalism and democratic principles which 
deeply influenced the generation destroyed by the 
First World War. It was his inheritance of these 
principles which led to his own death in Buchenwald 
in 1945, and it is for this that he must be remembered 
and honoured. His work as a sociologist is typical of 
a transitional age, and his writings on the sociology 
of class distinctions and behaviour are of interest in 
so far as they illustrate the swing-over from the over- 
systematic thinking of the sociologists of the nine- 
teenth century to the empiricism which appears to 
be gaining ground in the second half of the twentieth. 
It is evident, however, that Halbwachs had not 
shaken off his attachment to abstract theories even 
as late as 1938, when he wrote this book ; moreover, 
it is also evident that he had not mastered the diffi- 
culties of basing generalizations on evidence in such 
a way that a framework of truly scientific theory 
might be constructed. On one hand, Halbwachs 
was unable to resist the temptation to quote from the 
works of the great classical philosophers, as well as 
the theorists of his own age, such as Durkheim and 
Weber. On the other, he was only too ready to pre- 
sent a mass of often undigested information derived 
from such sources as the German Government's 
survey of working-class budgets, carried out in 
1927-28. What was lacking in his work was a serious 
attempt to relate the evidence to the generalizations 
founded on it. T.S. Smvey 


Toward a Systematic Pragmatics 
By R. M. Martin. (Studies in Logie and the Founda- 
tions of Mathematics.) Pp. xv+107. (Amsterdam : 
North-Holland Publishing Company, 1959.) 24s. 
HIS recent addition to ‘Studies and Founda- 
tions” is a valuable monograph in a high!y 
specialist field, and adds lustre to that distinguished 
series. The main discussion concerns type-theoretical 
systems, pragmatical meta-language, analytic truth 
and absolute intensions. These subjects are intro- 
duced by a preliminary chapter on the nature of 
pragmatics. In brief, language-systems can be either 
syntactical, semantical or pragmatical, and this cor- 
responds to the order of abstraction. 

Thus, in syntax, it is only the signs or expressions 
(and their inter-relations) which are interesting. In 
semantics, the objects which the signs denote come 
into the picture. Finally, in pragmatics, the speakers 
or users of the language are involved. The author's 
point of view is wholly extensional, whereas that of 
Carnap is intensional. The power of extensional 
meta-languages to cover a large part of mathematics, 
physics, and even biology, is clearly advantageous. 

F. I. G. RAw Lins 
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STRONTIUM-90 IN THE AUSTRALIAN ENVIRONMENT, 
1957—58 


By Dr. F. J. BRYANT 


Atomic Energy Research Establishment, Harwell 


AND 


L. J. DWYER, Dr. J. H. MARTIN and Pror. E. W. TITTERTON, C.M.G. 


Australian Atomic Weapons Tests Safety Committee 


Introduction 

~\URING the past four or five years a considerable 
effort has been made, notably in the United 
States and the United Kingdom, to gain precise 
information on the world-wide distribution of radio- 
active fallout from nuclear weapon tests. Results 
of such measurements to about mid-1957 were 
included in the extensive review of the subject 
prepared by the U.N. Scientific Committee in August 
19581. Further results for 1957 and also for 1958 
for the United States, the United Kingdom and other 
areas have since been published, notably by Bryant 
et al.2-4, Stewart et al.6 and the U.S. Atomic Energy 

Commission Health and Safety Laboratory*®°. 

In April 1957 the programme of fallout measure- 
ments, initiated by the Australian Atomic Weapons 
Tests Safety Committee!*!> to cover local weapon 
tests and to monitor global fallout, was extended to 
include the determination of strontium-90 in repre- 
sentative Australian materials. Arrangements were 
made for the sampling of soil, powdered milk, 
cabbages and human and sheep bone tissue. All 
samples were sent to the United Kingdom for radio- 
chemical analysis by the Atomic Energy Research 
Establishment Group at Woolwich Arsenal, under 
the direction of one of the authors (F. J. B.). In this 
report results are presented for the early part of the 
programme extending from May 1957 to September 
1958, during which period 243 samples were processed. 
In order to minimize the radiochemical effort, a 
nunber of the bone samples were bulked and the 
actual chemical analyses were reduced in this way to 
14s. 


Sampling Programme 


It is well known that strontium-90 in global fallout 
enters the human body mainly as a contaminant of 
dietary materials ; the uptake through inhalation is 
very small by comparison'*®. Therefore, the sampling 
programme was designed to monitor levels of stron- 
tiun-90 in materials which are representative of the 
phases between deposition of strontium-90 on the 
gromd and its absorption into human bone. The 
primary material of the programme was human bone 
tissue. Because milk products, generally, are a major 
contributor of calcium and_ strontium-90 to the 
Australian diet, milk was chosen as the important 
representative dietary material and, for convenience, 
samples of powdered milk were taken for analysis ; 
however, cabbages were included to monitor the 
contribution to the diet made by leaf crops. Soil 
ani yearling sheep bone tissue were assayed to 
provide information on the accumulation and rate of 


deposition of strontium-90 at ground-level ; measure- 
ments were also made on total precipitation collected 
in stainless steel pots during the latter half of 1958. 

The materials selected, and the sampling procedures 
adopted, were not expected to allow a complete 
examination of the uptake processes. This can most 
satisfactorily be done by controlled experimentation 
within a laboratory, of the type carried out by 
Russell and his Agricultural Research Council 
group!7-}?, 

Samples of human bone tissue, powdered milk, 


cabbages and soil were taken from the Perth, 
Adelaide, Melbourne, Sydney and Brisbane areas 


during 1957 and 1958, while sheep bones were 


Table la. STRONTIUM-90 IN AUSTRALIAN HUMAN BONE SAMPLES* 
DECEMBER 1957—-SEPTEMBER 1958. 
UNDER 5 YEARS 


Strontium-90 (“ue./em. 
calcium) 


Locality Bone Age* - - - 
Analytical 
result Mean 
Perth Femora Stillborn 0-3 0-57 
si >» and 3m. 0:3 
Femur 4m. 0°3 
9m. 1-0 
ss 16m. 1-3 
Vertebrae 3} y. 0-5 
Adelaide Femur 1d. 0-5 0-53 
Femora 1d. and 3 d. 0-2 
19d. and 24d. 0-4 
i 1 m.and 3m. 0:3 
Femur 3m. 0-35 
4m.and 6m. 0-7 
7m. Le 
7m. 0-6 
13m. 0-7 
Melbourne Vertebre | 2d.,7d.,21d. 
and 2 m. 0°35 0-59 
se 6m.and 10m. 0-5 
Crania 23 m. and 
24m. 0°85 
30m. 1-4 
3) y. 0-4 
Sydney Femora 9d. and 16d. 0:3 0-64 
- Femur 3m. 0-5 
Femora 6m.,6m.,7 
m.and 7m. 0-75 
Femur 11 m. 0-5 
Femora 22 m., 23 m. 
and 24 m. 0-65 
Femur 30 m. 1-0 
Vertebre | Stillborn and 
11 m. 0:7 
Brisbane Vertebre 1 m.and7m. 1-0 0-70 
¥s 18m. 0-45 
- 24m.and28 m. 0:7 
a 28m. O-4 
3 y. 0°75 
5 y. 0-6 
Total 52 samples | (0-60 +0-10) 


* Tae age distribution of the specimens is shown in Fig. 1. 
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Table 1b.) STRONTIUM-90 IN AUSTRALIAN ITUMAN BONE SAMPLES*. DECEMBER 1957-SEPTEMBER 195%. 
ALL AGES ’ 
Under 5 years 5 years 20 years Over 20 years 
Mean | Mean Strontium. 
| stron | | stron | | pue./em, 
Locality No. of No. of | tium-90 | No. of No. of | tium-90 | No. of | No. of | calcium 
tone samples | analyses) pges./gm Bone samples | analyses) aue./em.| Bone | samples | analyses 
} cal- | | eal | | | | Norm: 
cium | cium | |} Mean | ized 
Perth Vertebra: 1 l O-57 | Vertebric 3 l 0°30 Vertebra 11 ! Ov O-ll 
Pemora 6 i) Femur l 1 | 
Adclaide Femora 13 +) 0-53 Femur l l 0-3 Femora | 16 1 ood | OO 
Melbourne Vertebra 6 4 O-Do Vertebrae 2 1 0-36 Vertebrie 12 | 1 O-3 0:17 
Crania i 3 Crania 8 1 
Sydney Vertebra 4 1 Os Vertebrio l 1 0-33 Vertebra: 18 1 On Ol 
Femora 12 6 Femora 6 1 | 
Dbrisbane Vertebra S 6 0-70 Vertebric 4 ] 0°30 Vertebra 8 l O-vd O-l4 
Kits 1 1 
Total 62 3 0-60 Db +) O33 65 ’ Ol 
0-10 0-05 Or 
* The ave distribution of the specimens is shown in Fig. 1. 
t Normalization of the analytical results of the adult tissue has been performed using the factors of Schulert et al. (ref, 22) 
Table le. STRONTIUM-90 IN AUSTRALIAN HUMAN BONE SAMPLES* 
DECEMBER 1957-SEPTEMBER 1058 
ALL AGES AND LOCALITI 
Femora | Vertebra Crania | Ribs 
Ave group pee. / gam | Mean aye. | eM Mean pee gm Mean | pee. jgm, | Mean 
calcium age calcium age } ealelum age calcium | age 
Under 24 months O54 6m, 0-57 6m | 23m. 
(30, 19)4 (11, 5)4 | | | 
24 50 months 10 30 m 0-61 36m | 33m 
| (1,1) (6, 5) 
} 5-20 years 0-34 By. } O-3l 12 y | | 7y. 0-3 | I4y 
(8, 3) | (8, 4) | (1,1)t | 
Over 20 years 0-04 66 y. 0-23 57 y. | | | 
(16, 1) | (49,4) | | 
| 
* The age distribution of the specimens is shown in Fig. 1 


ft Number of samples; number of analyses, 


’ 


from 23) localitios throughout Australia 


during the same period ; these materials were taken 


supplied 


from sites across the continent within a range of 
latitudes of 20° 38° SS. The analytical methods 
used for the determination of strontium-90 were 


those doseribed by Bryant et al.?.3.16.2°, 


Sampling Methods and Results 


The results are given in Tables 1-5 and wherever 
possiblo mean values and the corresponding errors 
have been derived to facilitate comparisons with the 
results of similar surveys conducted olsowhere. 

(a) Iluman Bone Between Decomber 
1957 and September 1958 pathologists in tho five 
capital cities supplied a total of 142 specimens of 
For cach area the specimens were 


Tissue. 


human bone tissue, 
divided into three age-groups, namely, under 5 years, 
5-20 years and over 20 years. In the latter two 
groups some bulking of material was employed to 
reduco the number of analyses, whilo the majority 
of the infant specimens were analysed individually. 
In all, 47 analyses were performed. 

Itt was impracticablo to restrict the survey to a 
single type of bone, and samples of vertebrae, femora 
and crania were accepted ; when adult femora were 
supplied only tho shafts were analysed, but whole 
included for the younger specimens. 
Each specimen comprised at least 20 gm. of wet bone. 

For age-group and tho bone 
types were not mixed in the bulking of matorial 
prior to analysis. Information could, therefore, be 
obtained on any variations of strontium-90 concen- 


bones were 


each area various 





tration among the bone types employed. Because 
the proportion of ealetum in bone ash is approximate!, 
constant?!, the bulking of specimens was porformed 
on the basis of equal masses of ash. 

The final stage of the radiochemical enalysis took 
one of two courses depending on the activity of th 
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Fig. 1. Age distribution of the human bone specimens 
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extracted strontium isotopes, 
rontium-89 and -90. Where 1 
possible yttrium-90 was sep- 
arated for counting after 
equilibration with mother 
rontium-90; on the other 
hand, for low activities the | 
wanted strontium-89 was | 
allowed to decay for about = & ] 
vo half-lives and tho stron- | 
im-90 content 
soth methods gave consistent 


caicium) 


auc. 


estimated, 





ults. 
Kig. | shows the ago dis- 
ibution of the specimens 
lected, from which it will 
oon that the unequal avail- 
ability of material, particu- 
ly in the middle years, has 
d to emphasis on very young 
and old tissue. The complete 
data are recorded in Tables 
lv, b and ¢ and the distribu 
tion of strontium-90° concen- 
tration with age is exhibited 
in Fig. 2. The moan values derived in the tables, and 
also those plotted in Fig. 2, are considered to refer to 
trontium-90-lovels in human bone at May 1958. 

‘Table le shows that there is no evidence for a 
bone variation in age-groups up to 20 years ; however, 
for older tissue, vortobra have a considerably higher 
contamination than femora, as reported by the 
Lamont Group**-*4, from more extensive meoasure- 
ments. The results for adults, therefore, have been 
normalized to the skeletal mean using the factors 
derived by Sechulert et al.*?. 

No significant variations of strontium-90 in human 
bone were observed between tho five capital cities, 
and so the five groups of data were combined to give 
the mean strontium-90 concentrations in age-groups, 
plotted in Fig. 2. The estimated standard deviations 
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Vig. 2. Variation 
©, Australia, May 


and the number of specimens on which the mean 


valuos were based are also shown. A distribution of 


trontium-90 concentration with age, computed by 


POWDERED MILK SAMPLES® 


Fable 2.) STRONTIUM-90 IN AUSTRALIAN 
| August | Mareh | Rainfall) August | Rainfall 
| 1957 | 1958 | August | 1958) | Mareh | 
Grazing — } 1957 | 1958 | 
locality of Stron- Stron | March | Stron- | August 
cattle } tium-90 | tium-90) 1958 tium-90 | 1958 
}ape.fem.)ape./gm.| (in.) | mee. / gM | (in.) 
| calelum | calelum | } calcium | 
runswick | | | 
Junetion : 
00 miles south | 
of Perth | 29 | 1‘8 a0 eo 20-0 
It. Compass | | | 
o : | | 
30 miles south | | 
of Adelaide | 4:2 | s-8f | 6-6! 74 23-3} 
| | 
Talfra: | | 
110 mileseast of | | | 
Melbourne } 1-0 o:7 |} 3161 1-4 | 7? 
Lower Hunter | | 
River Valley : | } | 
00 miles north of | | | | 
Sydney | 2°4 | 16 | 14:0 | 18 8-0 
lary River Valley | | 
100 miles north | | 
of Brisbane | 5:3 2:2 23-7 61 | 24:2 
Mean | 3s | (4a | (5-0 
| 10 | 40-8) | | 41-6) 
| | 


| 
* Hach sample was at least 1:5 kgm. 
{ Rainfall periods taken to and from January 19 


tf Taken in January 1958. 
8. 





RE 
1 > 
U 4 IoD 
/ 
- e& 
10 15 20 25 30 
Age (yr.) 
with age of strontium-90 concentration in human bone tissue. 


Kurope, January 1958 (ref. 23 


January 1058). 


1958 ; , North America and 


,0°5 (North America and Europe, 


Kulp e¢ al.**, gives a good description of their North 
Amorican and European bone tissue data of January 


1958. This distribution is shown as the full curve 
in ig. 2, while, as the broken curve, it has been 
scaled down by 2 to facilitate comparison with 
Australian data of May 1958. 

(6) Milk. The powdered milk samples were 


takon from factories supplying the five capital cities 
in August 1957 and Mareh and August 1958. In 
each caso the milk was of known age and origin and 
the later samples were taken from cattlo grazing in 
the samo locality, although not necessarily the same 
pasturo. All but a fow samples were full-cream 
powdered milk. 

Tho analytical results are given in Table 2. and 
show the March 1958 levels to be lower than those 
for August 1957 and 
variation of the type noted by other authors, for 
example, Stewart et al.5.29, 

(c) Cabbages. During August 1957 and 1958, two or 
threo cabbages grown within the vicinity of each of 
the five capital cities were ashod for analysis witheat 
prior washing or other preparation. Before the 
determination of both calcium and strontium-90 
contents the ash from each sample was decomposed 
with a mixture of HE and HCIO, in the presence 
of strontium and barium carriers. Tho analytical 
results are presented in Tablo 3. 

(d) Sheep Bone Tissue. This 
included in the programme because the strontium-90 
accumulation in the bones of yearling shoep can be 
used. as a monitor of fallout deposition. Moreover, 
their habit of grazing extensively, sheep 


1958, suggesting a seasonal 


material was 


through 


Table 8.) STRONTIUM-90 IN) AUSTRALIAN CABBAGES 


August 1057 August 1958 


Caleium Strontium- | Caleium Strontium. | 
u 


Locality 
| | inash { | inash 90 
(per cent) wpe. jem, | (per cent) wpe. /em, 
calcium | calcium — | 
| 
Perth 89) 10 } 12-2 4-0 | 
Adelaide | 60 2°3 | 11-1 3 
Melbourne | y der 21 | 6-0 4 | 
Sydney | 7 | pS | 13-0 } 4-1 | 
Brisbane 6 | 2°6 | 11-8 vA | 
1 (6-0 41-8) | 


Mean (2:6 40-7) | 
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tend to integrate out local variations in fallout August 1957 and 1958. The grazing localities ar 
deposition, and sheep bone tissue is available in shown in Fig. 3. In each case representative long 
areas of Australia where other representative samples bones were selected from the legs of up to three shee) 
are difficult to obtain. each of which had grazed over natural grasses 
The first collection of sheep bones was made from throughout most of its life. 
13 widely separated areas during May-June 1957, In al], 59 analyses were performed on materia! 
and further collections were made from 16 areas in collected from 89 sheep during the three surveys and 
Table 4. STRONTIUM-90 IN AUSTRALIAN SHEEP BONE SAMPLES 
May—June 1957 August —September 1957 August 1958 
{ | Approx- | Stron- | Approx- | Stron- : | Approx- Stron- 
Locality | No. of imate tium-90 No.of | imate | tium-90 No. of imate |! tium-90 
| sheep age euc./zZm, sheep age ; Mec./zm. sheep | age | MuC./ Zin, 
| (months) | calcium ; (months) | calcium | (months) | calcium 
| E | | | oe 
| Beverley 70 miles E. Perth } 3 } 8 5:3 l | 12 7:0 3 | 13 | 6-4 SV 
| | | 
| Salisbury | | oO 
20 miles N. Adelaide 2 8 2i* 1 15 75 3 | 14 | 8°8 Wi 
| | ] 15 9-1 F 
| l 15 9-5 | 
| | | Pe 
Quorn | | : 
| 180 miles N. Adelaide | | 1 15 10-2 3 | 15 | 16 CO) 
1 15 | 76 fe 
1 is | 2 | 
i | | tis 
{ Marree | | de 
360 miles N. Adelaide 1 8 3-0 | 1 14 Aes | 1 | 12 | 3°7 
| 1 14 1-9 | | ret 
| tot 
| Ingomar | | 
430 miles N.N.W. Adelaide | 3 12 | 7 | sul 
— 12 | 5-4 | 
Coober Pedy | | | loc 
470 miles N.N.W. Adelaide | 1 15 | 5-5 | 3 15 4:7 she 
| | | 1 15 | 7°7 | af 
| | | | 1 15 so. | | | wil 
|} Mabel Creek | | | | Fa 
480 miles N.N.W. Adelaide 2 12 6-5 | 
: 12 7-3 the 
| 1e 
Evelyn Downs | | | rie 
} 530 miles N.N.W. Adelaide } 1 14 7-0 | | 3°8 ( 
1 14 6:3 ah 
| Mt. Willoughby | tiv: 
| 550 miles N.N.W. Adelaide 2 10 10 | | eac 
| - 12 11 | | | “2 
| imi 
| Victory Downs | | | j ass 
| 700 miles N.N.W. Adelaide 2 16 4-6 3 12 | 4-2 ; 
| | gar 
| Yarra Valley } | | | : 
} 30 miles E. Melbourne 2 8 13 | lay 
l 8 14 | was 
Yarrawonga | | 
140 miles N.N.E. Melbourne 1 13 12 3 13 7:9 chi 
Sydney 1 9 12 1 13 8-2 2 11 6-9 Ay 
tia 
Canberra 1 8 73 | Wol 
Dubho no ¢ 
180 miles N.W. Sydney 11 1-6 2 | 13 3°8 soil: 
Bourke con 
400 miles N.W. Sydney l 9 3°8 | | 
I 8 2:7 | 
j | | 
Lismore | 10° § 
370 miles N.N.E. Sydney 1 8 5:8 | 
Brisbane 3 8 15 1 12 1-6 1 14 2 
Southport | 
50 miles S.S.E. Brisbane | | 1 11 | 8:1 2 12 | 6-3 R 
| | l 11 | 9-2 
| 
} ! | 
tockhampton | | 
320 miles N.N.W. Brisbane | 1 11 | 5-3 1 | 13 | 4-6 
Charleville | } | | 
430 miles W. Brisbane | 1 | 9 8-0 l 12 72 2 | 12 5:3 S 
' | | 
| 
Townsville | | | | 
| 680 miles N.W. Brisbane 1 11 61 | 2 2 | 39 
} Cloncurry 1 
900 miles W.N.W. Brisbane | | l 12 1-0 3 | 16 1°5 
es of Ne E ase ae ——s : _ eee : ¢ . ees 
Mean (7-9 4-2-2) | (6-6 -4-1°5) (6-3 4-1-5) 40S 
i Total 25 | | 26 34 
| No. of analyses 18 | | 25 16 
{ | 
* The sheep from which this bone tissue was taken grazed in the Mt. Compass area. 
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Table 5. STRONTIUM-90 IN 
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AUSTRALIAN SOIL SAMPLES* 





August 1957 


Calcium 


Locality Sample 

| area gm./kgm. density 90 

| (m.?) kgm./m.? me./km.? 
Perth 0-041 0-6 134 At § 
Adelaide 0-041 3-0 29 1-6 
Melbourne 0-041 Mat f 105 3-4 
Sydney 0-039 2-3 80 2°5 
Brisbane c. 0-04 1-0 96 2 

Mean (2440-4) 


Soilsurface | Strontium- 


| 

August 1958 Rainfall | 

-—--—-- —+--___-_- —_-__—_-—- —- - August | 

Sample | Calcium Soilsurface |Strontium- 1957- | 

area | gim./kgm. density 90 August 1958 | 

(m.?*) kgm./m.? me./km.?* (in.) 

0-041 0-8 90 3-5 30 | 

0-041 1-8 61 2-0 17 | 

0-039 1-6 76 2:2 24 | 

0-049 2-3 88 3-7 54 | 
0-041 0-6 4] 1-0 35 

(2-5 +0°7) | | 

| 





* Top 10-cm. soil 


the results are shown in Table 4. Results which are 
svstematically low for all three surveys are apparent 
for some areas. These low values may be associated 
with variations in rainfall, soil and grazing conditions. 

Howevor, Table 4 also shows that the mean 
strontium-90-level in yearling sheep bone is virtually 
constant for the three successive surveys. This 
implies that the strontium-90-levels in sheep bone 
tissue of this age depend mainly on the rate of 
deposition of fallout, lending support to Russell’s?é 
recent suggestions concerning the relative roles of 
total fallout and the fallout rate in the take-up of 
strontium-90 into plants. 

Apart from the systematic variations at particular 
locations referred to above, the skeletons of yearling 
sheep throughout Australia appear to be contaminated 
with strontium-90 to approximately the same extent. 
Fallout is therefore uniform across the continent ; 
the slight latitudinal variation suggested by other 
measurements?? is not reflected in these results. 

(e) Soil. During August 1957 and 1958, samples 
of soil to a depth of 10 cm. were taken from uncul- 
tivated land within each of the five capital cities. At 
each site succeeding samples came from the same 
immediate vicinity but the sites themselves were 
associated with neither milk production nor market 
gardening. The surface dimensions of the samples 
lay between 0:04 and 0-05 m.*; the surface matt 
was analysed with the soil. 

The 10 samples were treated using the hydro- 
chlorie acid leaching method, which is considered to 
give complete extraction of both calcium and stron- 
tium-90. The analytical results shown in Table 5 
would imply that within the errors there has been 
no overall accumulation of strontium-90 in Australian 
soils during the period of the investigation. This 
conclusion is unacceptable because measurements of 
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Fig. 3. 


Sampling localities 


plus surface matt. 


total precipitation collected in open pots at eight 
sites in Australia during part of this period, and 
discussed below, suggest an annual deposition rate 
of nearly 1 me./km.*. This figure is similar to 
that reported for Australia by Alexander?’, in the 
course of a world-wide survey of strontium-90 in 
soil; his results for 1956 and 1958, for samples 
taken at six Australian sites, are shown in Table 6. 


Table 6. STRONTIUM-90 IN AUSTRALIAN SOIL SAMPLES* 
(Taken from “Strontium-90 Distribution as determined by the Analysis 
of Soils” by L. T. Alexander (ref. 27) ) 


Locality May 1956 March 1958 


(me./km.*) (me./km.*) 
Perth 1:0 1°8 | 
Adelaide 2-0 4:5 | 
Hobart 0-5 4:3 
Brisbane 1:3 4-5 
Alice Springs 0-7 1-2 
Katherine - 1-8 
Mean (1:1 + 0-4) (3-0 1-0) 


* (1) Top 15-cem. soil plus surface matt ; (2) two samples of 0-126 m.* 
were taken on each occasion at each site. Results quoted are averages. 


This conflict between the two sets of results is 
most probably related to certain characteristics of the 
soil samples. Although the same sites were revisited 
annually, as Table 5 shows, the samples showed 
considerable fluctuations of density and calcium 
content and such factors might account for the 
low values recorded for the accumulated deposit of 
strontium-90. 

Taken at face value the present data lead to a 
mean level at August 1958 of about 2-5 mce./km.?, 
somewhat lower than the mean value, 3:0 me./km.?, 
of Alexander’s data for Australia. 

(f) Total Precipitation. Commencing in June 1958 
stainless-steel pots, 12 in. in diameter and 12 in. 
high, were exposed continuously at the eight stations 
shown in Fig. 3. This aspect of the fallout monitoring 
programme was carried out in co-operation with the 
U.S. Atomic Energy Commission, as part of its 
open-pot sampling effort®°. 

Both precipitation and solid deposition were 
collected over menthly periods and in each case the 


Table 7. AUSTRALIAN HIGH-WALLED POT SAMPLES JUNE-DECEMBER 
958 


Estimated | 
annual rate 
(me./km,?) 


Accumulated 
strontium-90 
(me./km.*) 


Locality Period 


| June—November 1958 0°38 0-8 


| Perth 

| Adelaide | ,, * 2 0-74 1°5 | 
Melbourne} ,, October ,, 0°38 0-9 } 
Hobart | oe ~ a | 0-68 1°6 | 
Sydney aoe November ,, 0-66 1-3 
Brisbane July ~ oo 0-64 1:5 
Townsville | June = - 0:3 0-6 

| Darwin | July “ i 0-86 2:1 

Mean 
(1:2+40°3) 
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catch was analysed for strontium-90 by the Health 

and Safety Laboratory of the U.S. Atomic Energy 

Commission ; the results are shown in Table 7. 
Taking into account the seasonal variation in 


fallout rate the mean annual rate of deposition of 


strontium-90 for Australia approximates to 1 me./ 
km.?. Further work, now in progress, will establish 
this rate more definitely. 


Comparisons of Australian Strontium-90 Levels 
with those in the Northern Hemisphere 


The nearly uniform fallout of strontium-90 in 
Australia contrasts with considerable fluctuations 
observed in the United Kingdom and the United 
States, where the bulk of northern hemisphere 
measurements have been made. Nevertheless, rough 
average levels can be compared in those cases where 
data are available for the appropriate time (the 
United States does not measure sheep bones or 
cabbages). 

The human bone results given in Fig. 2 show that 
the Australian levels are somewhat less than one-half 
those for the northern hemisphere. In the cases of 
milk and cabbages, comparisons with American** 
and British‘ data again indicate levels which are 
about one-half the northern hemisphere values while 
Australian sheep bone results for 1957 indicate levels 
less than one-half those in the United Kingdom‘ 
at that time. 

Australian soil-levels lie between one-fourth and 
one-third of those of the more densely populated 
regions of the northern hemispherc*®’, while the 
open-pot measurements indicate a _ strontium-90 
fallout rate of less than one-quarter that operative 
in the northern hemisphere. 


Conclusions 


(1) Within the sampling errors, and apart from 
some local variations noted, the levels of strontium-90 
in the material examined are uniform throughout 
Australia. This indicates that the strontium-90 
fallout over the continent arises from high-yield 
fission weapon tests overseas; as expected the 
contribution from local weapon tests is too small to 
be detected. 

(2) The rate of deposition of strontium-90 and 
its accumulation in Australian soils are one-fourth to 
one-third those in the more densely populated areas 
of the northern hemisphere. The levels of strontium- 
90 in Australian human bone tissue and milk lie 
between one-third and one-half those in the northern 
hemisphere. This level is a little higher than would 
be expected from the fallout rate and the soil data, 
but the difference is not established statistically. If 
further experiments prove this difference to be real 
it would be hard to explain satisfactorily. 
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A similar difference between bone and soil-levels 
was reported by Kulp e¢ al.** for other southern 
hemisphere samples and they considered that it 
might be due to the movement into the southern 
hemisphere of foodstuffs containing strontium-9() 
produced in the northern hemisphere. This explan- 
ation is unsatisfactory in the Australian case for the 
continent is self-sufficient in most primary production, 
especially of milk and cereals. Further results from 
the Australian survey should elucidate the position. 

(3) The possible biological consequences to the 
population of Australia, of the fallout-levels reported 
in this paper, have been assessed by the Australian 
National Radiation Advisory Committee**. The 
Committee concluded that the possible hazards are 
very small in comparison with those already accepted 
in technically advanced communities. 


1U.N. Scientific Committee on the Effects of Atomic Radiation. 


Report to the General Assembly, 1958. (United Nations, New 
York, 1958.) 

2 Bryant, F. J., Henderson, E. H., Spicer, G. S., Webb, M. S. W., and 
Webber, T. J., A-E.R.E. Report C/R 2583 (May 1958). 

* Bryant, F. J., Morgan, A., and Spicer, G. S., A.E.R.E. Report 
HP/2730 (November 1958). 

‘ Bryant, F. J., Chamberlain, A. C., Spicer, G. S.,and Webb, M.S. W., 
Brit. Med. J., 1371 (1958). 

5 Stewart, N. +. eww R. G. D., Crooks, R. N., Fisher, E. M. R., 
and Owers, M. J., A.E.R.E. Report HP/R 2 2790 (January 1959). 

. i Health and Safety Laboratory, H.A.S.L. 42 (October 
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EVOLUTION OF HOST—PARASITE RELATIONSHIPS 


ROF. JEAN BAER (Neuchatel) opened a sym- 


posium held by Section D (Zoology) at the recent 
British Association meeting in York on the “‘Evolution 
of Host—Parasite Relationships” 
ing an ecological survey of such relations. 


He began by analys- 
The survey 


was limited to biting and sucking lice, fleas and worms 
parasitic in vertebrates, because the taxonomy and 
host-distribution of these parasites have been well 
studied, their life-cycles are usually complex and 
diverse and their host-relations show great diversity. 
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The host or host-group is comparable ecologically 

an island, the parasites representing the endemic 
fauna, and the more isolated the island, or the more 
specialized the host, the higher is the degree of 
endemicity of its fauna. There is a great deal of 
evidence showing that both morphological and 
pivsiological specialization of the parasites is a 
consequence of their adaptive evolution to distinct 

ups of hosts. 

\ reliable impression of host-distribution can be 
devived from histograms of the numbers of genera 
of parasites in particular host classes, and from the 
individual distribution of each group may be deduced 
its probable age. 

\Mallophaga, for example, occur exclusively on 
birds and mammals, and have evolved more exten- 
sively on the former than on the latter. Monogeneg 
aie parasites on elasmobranchs, teleosts, amphibians 

nd reptiles but are far more widely specialized on 

ieleosts than on elasmobranchs and only very slightly 
on amphibians and reptiles. Cestodes occur through- 
out all the major groups of vertebrates ; the greatest 
number of genera is found in birds and in elasmo- 
branchs, whereas the largest number of genera of 
trematodes is found in teleosts even though trema- 
todes have been reported from all the major groups 
vertebrates. 
Host—parasite relationships as expressed by the 
nunber of genera of parasites associated with a given 
group of hosts also imply that the age of the parasites, 
that is, the time when they first adopted parasitism 
as a way of life, varies considerably. For example, 
fleas, lice and Mallophaga are unknown from hosts 
other than birds and mammals and it is extremely 
unlikely that such parasites existed before their 
hosts themselves appeared in late Cretaceous times. 
Monogenea and cestodes were already most certainly 
associated with the precursors of modern sharks and 
appear to have accompanied the aquatic ancestors 
of the land-dwelling vertebrates. Moreover, ecto- 
parasitic Monogenea have only been able to survive 
by seeking refuge within the mouth cavity, ceso- 
phagus and urinary bladder of their hosts, and since 
their life-cycle restricts them to an aquatic habitat, 
they are associated with vertebrates such as amphib- 
ians and freshwater tortoises. On the other hand, 
tapeworms living invariably within the gut of their 
hosts have evolved together with the latter and, as 
their life-cyeles also became adapted to terrestrial 
intermediate hosts, it is natural that these parasites 
occur in land-dwelling vertebrates, that is, in reptiles, 
birds and mammals. 

These parasites of vertebrates were discussed 
ecologically, separately as ectoparasites and as endo- 
parasites, and as to whether the larval forms had a 
freo-living stage or not. The ectoparasites with no 
frec-living stage were the Mallophaga and the Ano- 
pleura, and with a free-living stage, the terrestrial 
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Siphonoptera, and the aquatic Monogenea. The 
endoparasites were those with a gradual meta- 


inorphosis, the nematodes, which might or might not 
have an intermediate host, and those in the meta- 
iorphosis of which distinct stages occurred, the 
trematodes, cestodes and Acanthocephala, all of 
Which had at least one intermediate host. 

An analysis of the results from an _ ecological 
approach to host—parasite relationships clearly shows 
the presence of two factors responsible for host 
distribution, namely, (a) the physiological require- 
ents of each of the stages of the life-cycle ; (b) the 
degree of morphological differentiation of the in- 
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festive larval stage. These factors, being inherent 
to the class to which the parasite belongs, must have 
been acquired genctically and are therefore subject to 
mutation and to evolutionary pressures. 

Each successive stage of any life-cycle does not 
necessarily have identical physiological requirements, 
but the move highly specialized the latter the greater 
the degree of intimacy between the parasite and the 
host. In trematodes, for example, host-specificity 
for the first intermediate host is more pronounced 
than in any of the subsequent stages, whereas in 
tapeworms the greatest degree of intimacy occurs 
with the definitive host. In trematodes and acantho- 
cephalians the infestive larval stage is already a 
completely formed young worm that only needs to 
mature and to grow to become adult. Since the 
distribution of these parasites in their definitive hosts 
mostly follows the ecological pattern, it is probable 
that the physiological requirements of the adult 
worms are not highly specialized. On the other hand, 
the infestive larve of monogeneans and tapeworms 
on reaching the definitive host must undergo further 
metamorphosis before acquiring adult characters. 
The necessary conditions appear to be very strict 
and the more considerable the metamorphosis the 
greater the degree of host-specificity, the latter follow- 
ing the phylogenetical pattern. Although there is, as 
yet, insufficient evidence for parasitic nematodes, it 
seems, however, that there might be a specific mech- 
anism that triggers the final moults of the infective 
larva. 

Free-living flea larve require strict conditions as 
to temperature and degree of humidity, implying 
that their physiological requirements may be rather 
specialized. But the legendary mobility of adult 
fleas and their resistance to starvation enable them 
to survive, but not necessarily to reproduce, by prac- 
tising the art of host-hopping. 

During their entire life-cycle, biting and sucking 
lice remain attached to the host. So it is not astonish- 
ing that their physiological requirements appear to be 
highly specialized as regards hair and feather struc- 
ture. In birds, their host distribution appears to 
reflect principally the latter. 

Summing up the effects of both external and 
internal factors responsible for parasite relationships 
we find that parasites do not select their habitat but 
that the latter is imposed by ecology. The resulting 
distribution, however, also reveals another selective 
mechanism, namely, the degree of physiological and 
morphological adaptation of the parasites themselves. 

Prof. W. E. Kershaw (Liverpool School of Tropical 
Medicine), in discussing the evolving human filariz, 
suggested that it was more pertinent to consider 
their present evolution rather than what had happened 
in the past. This was possible because of precise 
information of those pathogenic human parasites 
which it had been necessary to obtain urgently in 
order to devise economic and practicable control 
measures. Their complicated life-cycles involved 
man, possibly other animals, and usually multiple 
species of vectors, each vector with its own sequence 
of environments. The parasite, therefore, should be 
regarded as one component of a parasite—host—vector 
complex. The true evolving entity was therefore not 
the parasite but the complex, which was evolving 
as were the separate components, and it was be- 
haviour rather than structure which was critical. 

Loa loa, a parasite responsible for the recurrent 
and crippling so-called Calabar swelling, occurs in 
West and Central Africa. There were two parasite— 
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host—vector complexes, an infection occurring in man 
and transmitted by two species of the vector genus, 
which bite during the day, and another occurring 
in three or more species of monkey which are adapted 
to different but related species of the vector which 
bite during twilight and at night. Both parasites 
were very closely related and differed only in their 
general dimensions and in their adaptation to different 
vectors. Each was well tolerated by the different 
vertebrate hosts and equally well transmitted by all 
the related vectors in the laboratory, but little inter- 
change between these two populations occurred in 
Nature. 

Malayan filariasis caused recurrent lymphatic 
inflammation and fever and often resulted later in 
the disabling permanent swelling of the limbs and 
the genitals known as elephantiasis; one form 
occurred in the north-west (periodic) and the other 
in the south and east of the Peninsula (non-periodic). 
The parasites responsible had only trivial structural 
differences, differing mostly in behaviour. In the 
‘periodic’ form the larvze were rarely found in the 
blood during the day, being most numerous at night. 
In the ‘non-periodic’ form, the larve were apparent 
during the day and night in similar numbers. The 
larvee of these two forms behaved differently in the 
blood, they had different groups of voctors, and 
though both could be transmitted easily to cats, one 
form is not so well adapted to animals and occurs 
naturally only in man; whereas the other form is 
well adapted to animals and occurs naturally in man, 
in several species of monkey, in the domestic cat and 
in the pangolin. 

In addition to these two infections in man, one of 
which is shared with many animals, there was a 
further and separate parasite which behaves a little 
differently from the other two, was transmitted by 
vectors somewhat different from the others and 
occurred in a very large range of animals, including 
the dog, the domestic cat, two species of wild cats 
and the civet cat, the tiger, the pangolin, the moon- 
rat and the slow loris, and could be transmitted 
experimentally to man and to the domestic cat. It 
had so far been found in the State of Pahang. 

Work in East Africa had disclosed a fourth parasite, 
occurring in animals but not so far in man, closely 
related in structure to the two forms of human 
filariasis in Malaya and to that described in the State 
of Pahang occurring in a large range of animals. 
There were four related parasite—host—vector com- 
plexes, one of which had separated from the other 
three and was so far believed to be restricted to 
East Africa, and three occurred in Malaya. These 
three in Malaya are now evidently undergoing further 
divergent evolution, though their overlap is still very 
considerable. 

Onchocerciasis caused skin changes and was 
associated with blindness in Central America and in 
tropical Africa. In the Americas, the adult worms 
occurred in nodules in the head and neck and eye 
changes were common, while in Africa they occurred 
on the lower part of the trunk and the legs, and eye 
changes were less common and occurred mostly in 
old-standing infections, so that they were once thought 
to be due to different parasites. In Africa the dis- 
tribution of the larve in the skin had a very clear 
pattern both on the surface and in depth, and in 
early infections these larvze were limited to the legs. 
Only when exposure to the infection had been repeated 
for many years did the concentration of larvz rise 
and were they to be found in the upper parts of the 
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body. While similar precise information was lacking 
in the Americas it seemed likely that the larve were 
most numerous in the head and neck. The vectors in 
Africa bit on the ankle and leg, and in America on 
the head and neck. These two different parasite 
host—vector complexes have the same host and the 
same parasite, but differ in their manifestations 
because of the different behaviour of the two different 
groups of vectors. 

The fundamental research undertaken to make it 
possible to devise economically practicable control 
measures has disclosed evolution in progress. 

Dr. C. A. Wright (British Museum, Natural 
History) discussed the relation between trematodes 
and molluses. The problem of speciation in the di- 
genetic trematodes had received little attention. 
Isolation of some kind is an essential factor in the 
evolution of new species, and it is suggested that the 
part played by the molluscan intermediate host is of 
considerable importance in the speciation of flukes. 
The effective geographical range of a parasite is that 
area where all of the hosts necessary to the completion 
of the life-cycle occur together. The ecological re- 
quirements of most molluses are such that a species 
is seldom uniformly distributed throughout its range 
but is broken up into separate populations between 
which there are varying degrees of isolation. These 
populations serve as the foci for the completion of 
fluke life-cycles and it is around these centres that 
the gene pools are formed from which new species 
may arise. There are three main factors in the 
maintenance of the purity of the gene pool, the 
geographical isolation of the locality, movement of 
the definitive host and the longevity of the adult 
parasite within that host. The third factor may 
partly offset the second for, if the parasite matures 
quickly, lays its eggs and dies, there is less chance 
of the eggs reaching other centres where the cycle 
could be completed even if the definitive host is very 
mobile. 

The importance of host-restriction in the parallel 
evolution of host and parasite is of great significance. 
and the degree to which this phenomenon is shown 
in the relationship between larval flukes and their 
mollusean hosts is far greater than it is between the 
adult flukes and their vertebrate hosts. In those 
flukes which have a free-swimming miracidium there 
are at least two ways in which new fluke—molluse 
relationships may occur. In the process of host-loca- 
tion by the miracidia the first stage is a response to 
physical stimuli which bring the larve into the 
region of the host-habitat. Thus, the substitution of a 
different mollusc having the same ecological require- 
ments as the normal host may result in the adoption 
of this new host if its tissues provide an acceptalle 
environment for further development of the larvie. 
The last stage of the host-finding pattern by miraci<ia 
is a response to a chemical stimulus. Paper chromato- 
graphy has shown the presence of species-speciti¢ 
substances in the body-surface mucus of freshwater 
snails and it is possibly these substances which ena})le 
miracidia to discriminate between potential hos's. 
It has now been shown that there exist differences 
in the composition of the mucus of snails of the same 
species from different populations and this may have 
great significance in the evolution of new mollusc- 
fluke relationships. 

Dr. Theresa Clay (British Museum, Natural 
History) made some suggestions about the evolution 
of host—parasite relationships in the Mallophaga of 
birds. It was possible that the breaking up into 
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non-breeding units by the birds during their evolution 
would result in isolated populations of Mallophaga 
and was analogous to the situation found on a group 
of continental islands the populations of which had 
hecome isolated by the disappearance of land con- 
nexions. Later secondary infestations of Mallophaga 
from one host group to another are analogous to the 
trans-oceanic colonization of oceanic islands. Success- 
ive colonizations and the occupation of the different 
ecological niches on the body of the bird could explain 
the number of different genera and species of Mallo- 
phaga found on one host species. During the time 
that the Mallophaga were still partly free-living and 
before they had developed any close adaptation to 
lite on the bird or to a particular bird species, inter- 
change of host was presumably more frequent. Thus, 
although birds within an order or sub-order are 

ally parasitized by related mallophagan faunas 
which have presumably evolved on these orders, the 
ovigins of related mallophagan faunas on different 
orders are difficult to assess. In the affinities between 
iallophagan faunas of the birds', a diagram meant 
to demonstrate factually these affinities and not 
necessarily to suggest affinities between the host 
groups, the similarity of the mallophagan faunas of 
the Procellariiformes and those of the Charadriiformes, 
for example, may show no more than an ecological 
relationship, members of both orders living in the 
sune environment. The fact that in general the species 
on the two orders are now well differentiated suggests 
that, if this distribution is due to secondary infesta- 
tions, it could not have been recent and supports 
the theory that establishment on a new host took 
plaice mainly in the early days of the evolution of 
host and parasite. 

\r. P. F. Mattingly (British Museum, Natural 
History) stated that the complete restriction of 
hiunan and simian malaria to anopheline vectors 
sizgests that this group may originally have evolved 
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"THE significance of rhythmic activities in animal 

| physiology is becoming increasingly evident 
to-day. For this reason, the symposium on ‘animal 
clocks’ held in York on September 4, by Section D 
(Zoology) of the British Association for the Advance- 
ment of Science, was well timed. During the morning 
sessions, Dr. L. Harrison Matthews, section president, 
was in the chair. 

he first speaker, Prof. F. A. Brown, jun. (North- 
western University), described recent research carried 
out in his laboratory. In 1948 he had established that 
the frequency of the rhythm of colour change in fid- 
dler-crabs was independent of temperature over a 20- 
dey. C. range. Later it was shown that this ‘indicator’ 
process was itself regulated by a more fundamental 
rhythmie element and that two control centres were 
involved. Although the concept of an autonomous 
clock is retained by most investigators, Prof. Brown 
now postulated that the periodisms which comprise 
basic biological clock systems are imposed by environ- 
mental changes even in conditions hitherto presumed 
to be constant. This hypothesis he supported by a 
detailed statistical analysis of data obtained by means 
of an automatic recording respirometer from organ- 
isms ag unrelated as fiddler-crabs and potatoes which 
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mainly as feeders on mammals. Bird malaria, on 
the other hand, was carried exclusively by culicine 
mosquitoes which might thus have originated as 
feeders on birds. The fact that human filariasis was 
carried by both anopheline and culicine mosquitoes 
suggested that it may have entered the system com- 
paratively recently. The comparative physiology 
and biochemistry of blood-meal utilization in 
mosquitoes had been very inadequately studied. 
This was a particularly promising field for research 
which might throw light on many problems. 

Prof. G. C. Varley (Oxford) believed that host 
specificity needed careful definition. Not only must 
both host and parasite be accurately identified, but also 
those cases where a parasite can only complete part 
of its development must be distinguished. Published 
lists unfortunately often gave equal emphasis to 
unique records and to regular parasite relationships. 

Prof. Baer considered that the relation between 
a parasite and a group of hosts, related by ecology or 
phylogeny, was biologically significant, whereas the 
relation between one parasite and one host meant 
little. 

Prof. Baer believed that the biochemical approach 
to species determination should be encouraged in the 
way that Dr. Wright was applying it to snails, and 
that isolated proteins and carbohydrate fractions 
from hosts and parasites might be used. 

Dr. J. Sandground (New York) described his 
experience with onchocerciasis in Guatemala and in 
the Gold Coast, and referred to his demonstration 
some twenty years ago that the parasites in the New 
and Old World were identical. He believed that 
much more work remained to be done in oncho- 
cerciasis before the infection could be understood 
adequately and before control would be easy. 

WILLIAM KERSHAW 


1Clay, T., First Symposium on Host Specificity among Parasites 
of Vertebrates, Neuchatel, 120 (1957). 


CLOCKS 


had been hermetically sealed in constant conditions 
including pressure, for several days at a time. 

Although other speakers did not agree with this 
view, all must have been stimulated to look more 
carefully at their own data. Unfortunately, it has so 
far proved almost impossible to devise a really 
critical experiment that will differentiate between 
an innate clock mechanism and one derived from 
exogenous sources, since it appears possible, by 
analogy, to alter the position of the hands of the 
clock relative to the works. Just as it is difficult to 
conceive of a distance-judging mechanism indepen- 
dent of space, so a clock system presumably requires 
some fixed points of reference. 

In a paper on the influence of the environment on 
the cyclical biting-behaviour of mosquitoes, Dr. 
A. J. Haddow (director of the East African Virus 
Research Institute) pointed out that every species 
so far studied has shown a 24-hr. periodicity. In 
some, this is merely nocturnal or diurnal, but in 
others most of the activity is confined to one or two 
short and precisely delimited periods. These, while 


usually very constant for a given environment, may 
Further, they may 
levels 


be entirely different in another. 
show very striking differences at different 
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above ground within the same environment. At 
present, no single explanation fits all known cases. 
The complexity of natural internal timing mech- 
anisms was illustrated by Dr. Janet Harker (Depart- 
ment of Zoology, Cambridge), who described a series 
of clegant experiments by which she had been able 
to slow down part of the mechanisin. In cockroaches 
a hormone has now been discovered which increases 
the activity of the animal, and which is secreted in 
strict 24-hr. cycles. 
stopped by chilling the secretory cells while the rest 
of the body is kept at a normal temperature, and 
when this is done a second clock associated with the 
When the secretory 
clock is allowed to start again, provided it has not 
got too far out of time with the nervous clock, it is 
reset by the latter. However, in normal conditions 
the secretory clock acts as the master-clock, and 


This hormonal clock can be 


nervous system is revealed. 


since, like the nervous clock, it is not affected by 
sudden short changes in light conditions, the diurnal 
activity rhythm of the animal is little upset by such 
changes. ‘This may be important, in Nature, for 
animals which experience short: periods of darkness 
during the day (for example, by goimg under a 
stone), or light at night (for example, bright moon 
light or artificial light). If these minor changes in 
light conditions were to reset the clock, the animal 
would soon get out of time with day and night. On 
the other hand, the fact that the secretory cycle can 
be affected by the nervous system clock towards the 
beginning and end of the dark period, and the 
activity rhythm can be immediately reset at these 
times, suggests a way in which the animal can allow 
for changing day-length. 

The morning session closed with an account by 
Dr. C. OS. Pittendrigh (Princeton University) of a 
coupled oscillator model for studying the behaviour 
of the innate cireadian (‘about 
Its further utility was noted in 
explaining recent discoveries in thermo- and photo- 
periodism. Studies on the effects of single perturba- 
tions of the oscillator by light or temperature reflect 
the behaviour of a common underlying biological 
mechanism : 


cells and organisms. 


in some organisms, the phase of a 
rhythm can be shifted by a light signal as short as 
1/2,000 see. It was coneluded that the cell must 
comprise many diverse circadian oscillations, and 
disturbances of their mutual phase relations may 
lead to physiological stress or damage. 

Prof. G. C. Varley (University of Oxford) presided 
over the afternoon sessions in which plant clocks 
were described by Dr. M. B. Wilkins (King’s College, 
London), with special reference to his own observa- 
tions on excised leaves of Bryophyllum fedtschenkoi 


placed in continuous darkness and temperature. 


These maintain a 22-4-hr. rhythm in the rate of 


carbon dioxide output for several days. The clock con- 
trolling the rhythm is extremely sensitive to changes 
in external conditions of temperature and illumination 
to which the leaves are subjected. Continuous 
Hlumination inhibits the clock which re-commences 
when darkness is restored, the phase of the sub- 
sequent rhythm being determined by the time at 
which the light was extinguished. The phase of a 
rhythm persisting in darkness is reset by applying a 
3-hr. light treatment to the leaves between the peaks 
but not at the crest of a peak. Red light inhibits the 
rhythm, but blue light has no effect. A rhythm can 
be induced in illuminated leaves by reducing the 
light intensity by at least 80 per cent, and it was 
later found that the phase of such a rhythm could 


a day’) rhythm of 
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be reset by applying a 3-hr. dark treatment at the 
crest of a peak, but not between the peaks. The 
rhythm is inhibited when the tissue is placed in an 
atmosphere of nitrogen and its period varies with: 
temperature. It is apparently unaffected by solutions 
of mitotic inhibitors such as phenylurethane and 
colchicine. : 

Dr. C. G. Butler (head of the Bee Research Depart 
ment, Rothamsted Experimental Station) then sur- 
veyed the development of knowledge regarding the 
honey-bee since its fortuitous 
discovery in June 1905 by the famous naturalist, 
A. Forel. It was not until more than twenty years 
later that Ingeborg Beling carried out her extensive 
experiments in which bees were trained to visit a 


time-sense of the 


feeding place at different times of day under constant 
conditions. Later workers have since obtained data 
which support the view that a honey-bee’s time-sense 
depends in some way upon metabolic rhythm, since 
it can be speeded up or slowed down by the use of 
appropriate drugs. Finally, bees trained in Paris to 
visit a feeding dish at a definite time each day hav: 
continued to. maintain their feeding schedule under 
constant conditions after being flown to New York, 
thus demonstrating that the time-sense of the insect 
Is endogenous. 

Dr. A. J. Marshall (St. 
Medical College) introduced an exotic note when he 
discussed the possible influence of the mternal rhythin 
of reproduction in the control of trans-equatori:al 
migration of birds flying between KMurope and Africa 
and Tasmania and the Aleutian Islands. He pointed 
out that although something akin to a clock wa 
involved, it had to be likened, nevertheless, to a 


Bartholomew's Hospital 


somewhat imprecise, chain-store variety in that it 
had to be ‘corrected’? by environmental factors at 
least once during each annual cycle. Work earrod 
out by Dr. D. L. Serventy and himself had made 
clear that even when shearwater petrels (that breed 
on islands off the Southern Australian coast) were 
kept captive under widely varying conditions and 
day-length, they nevertheless came to breeding con 
dition at the same time as the free birds that had 
made their astonishing circum-Pacific, trans-equa 
torial journey. 

Next, Dr. J. L. Cloudsley-Thompson — (IKing’s 
College, London) discussed the synchronization of 
animal clocks in general, pointing out that endo 
rhythms are frequently correlated = with 
environmental changes although they are not neces- 


re ; 
venous 


sarily a direct response to them. Thus, if cockroaches 
are subjectod to alternating 12-hr. periods of light and 
darkness, locomotion may actually begin short!y 
before the light is extinguished. We have therefore 
the concept of an innate rhythm synchronized }y 
changes in environmental factors such = as_ light, 
temperature and humidity which should be regarded 
as ‘clues’ rather than stimuli. 

The field cricket, Gryllus campestris, placed in 
aktograph apparatus, can be seen to be active in 
the day-time with a rhythm that is endogenous and 
independent of temperature. When the 24-hr. 
periodicity has died away, however, after weeks in 
constant conditions, it can be re-established by a 
single exposure to light or by a return to higher 
temperatures after a period at 5° C. The cricket's 
clock can be reset in this way, even when activity 1s 
completely suppressed by drought. 

Although light intensity is the chief factor |) 
which animal clocks are synchronized, regular tem- 
perature changes can also be effective. When night- 
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active animals such as white rats, deer mice and 
imillipedes are placed in constant light, it is found 
that their rhythms tend to be delayed while those of 
day-active forms are accelerated. The converse often 
occurs in constant darkness. In this way, diurnal 
rhythms can be shifted as the days lengthen or draw 
in according to the season. Synchronization with 
environmental changes cannot be achieved both at 
dawn and dusk as the time of each of these is altering. 
he ‘elue’ tends to be dusk in the case of nocturnal 
forms, dawn in that of day-active animals. 

The symposium concluded with a paper by Dr. 
Mary C. Lobban (Department of Physiology, Cam- 
bridge), who said that in most Communities man’s 
activities are geared to a 24-hr. day. The clock 
which governs this periodicity is often difficult to 
reset, as those who travel great distances at the speed 
of modern aircraft well know. It is, however, possible 
to separate different) physiological rhythms and to 
vet them adapted to different degrees and at different 
tecent work with indigenous Arctic peoples 
indicates that environmental 


rates. 
Indians and Eskimos 
factors may influence physiological diurnal rhythms 
more than was hitherto thought. Temperature and 
physical exertion may well exert a profound effect in 
deciding whether an individual will become adapted 
successfully to a new time routine and even whether 
he will beeome adapted at. all. 

Both sessions were followed by lively discussions 
which served to emphasize the diversity of approaches 
to be found among workers on rhythmic phenomena, 
For example, Dr. William Gooddy (London) noted 
that no definition of a clock had been given by any 
peaker : the papers were concerned with the forms 
of rhythms and their possible causes. The definition 
of a clock as some form of regularly repeated natural 
phenomenon implies the presence of an observer, 
and each speaker had mentioned only those rhythmic 
processes which he had selected to be clock-forms for 
him. Sinee it is possible to study innumerable time 
systems, from the human time sense to the ‘tides’ 
inside single cells, the multiplicity and interaction of 
the mechanisms are evident. It might be wise to 
investigate organisms with nervous systems separ- 
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ately from plants. Though the cycles of some systems 
are related to the great events of astronomical 
observation, they will be modified by all other 
perhaps giving rise to circadian cycles 
rather than exact 24-hr. cycles. Final or simple 
rhythms of an organism, including those deseribed, 
must represent the average effect of all the possible 


systems, 


clock forms observable by biologists in that organism. 
Too much analytical work on a system in isolation 
might obscure the general principles which may 
one day explain the mysteries of the human time 
sense, 

Mr. P. F. Mattingly (London) pointed out that the 
study of arthropod-borne virus diseases had made 
it abundantly clear, despite the isolation of the virus 
in an intracellular environment, that its evolution 
has been conditioned by external factors no less than 
has that of the host. The integration of cyclical 
rhythms in animals is not 
problem but 
itself. 

Dr. kk. 'T. Burtt (Neweastle upon Tyne) inquired 
whether different rhythmic 
profitably be regarded as portions of a continuous 
spectrum, but Dr. Cloudsley-Thompson replied that 
he believed there to be a hierarchy of mitually 
regulatory rhythmic patterns. Another speaker 
suggested that perhaps too much work had been 
devoted to arthropods, since 


merely a physiological 


forms the basis of organie evolution 


activities might not 


inter-cellular trans- 
ference of hormones is not the same in these animals 
as in vertebrates. (An instance is afforded by the 
sex hormones, the inter-cellular movement of which 
much reduced insects that 
individuals can be formed.) 

Dr. Sydney 
dangers of lumping together a number of unrelated 
phenomena under ill-defined names such as rhythmic, 
or cellular activity a trait as seductive as it is 
misleading. Finally, Dr. Harker pointed out that 
under conditions of desiccation the distribution of 
hormones within the insect body becomes blocked, 
owing to reduction in the amount of blood. This 
would explain the phenomenon observed in the field 
cricket. J. L. Choupsitey-THOMPSON 


is so among mosaic 


Smith (Cambridge) emphasized the 


THE CONTINUED PROGRESS OF SATELLITE 19580, 
(SPUTNIK III) 


By B. R. MAY and D. E. SMITH 


Radio Research Station, Department of Scientific and Industrial Research, 
Ditton Park, Slough, Bucks 


r be progress of the third Russian Karth satellite, 
19588,, from launching on May 15, 1958, until 
October 31, has already been reviewed by D. G. 
King-Hele!. From the latter date the responsibility 
of following the progress of the satellite and pre- 
dicting its flight was taken over by the Radio 
esearch Station, Slough. 
For prediction purposes a period—time curve has 
heen plotted, using radio and optical observations, 
and this is shown in Fig. 1. It is noticeable that the 


slope of the curve has been decreasing steadily 
throughout the period December—April : from Nov- 
omber 1 to 
of change of 


1958, the mean rate 
sec./day ; 


December 20, 
period was about 1-26 





from December 20 to February 28 about 
1-17 see./day ; and from February 28 to March 31 
about 1-11 see./day. This decrease in slope, which 
arises from a lessening of atmospheric drag, is very 
probably a consequence of the fact that the southerly 
latitude of perigee, the point in the orbit at which 
the satellite experiences the greatest atmospheric 
drag, has been increasing since October 24, the date 
on which it crossed the equator. This movement has 
resulted in a net increase in the height of perigee 
above the Earth’s surface, since the rate at which 
the Earth’s radius has been decreasing with latitude 
has been greater than the rate at which the perigee 
distance of the orbit has been decreasing. A lessening 
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Table 1. ORBITAL ELEMBNTS FOR SATELLITE 195365, 
| 
; . ; : > Rate of | | 
Nodal period | Semi-major Perigee Apogee Orbital rotation of | Argument 
Date of revolution axis Eccentricity distance distance | inclination orbital plane of perigee 
(min. ) (km.) (km.) (km.) | (deg. ) (deg./day) (deg.) 
1958 |  & 
Nov. 1.00 103-358 7295°8 0 -0970 6588 °3 8003 -3 | 65-16 2-67 356 
0-0968 6589-4 8002 -2 | 
Dee. 1.00 102 -664 7263-18 0-0930 6587 °3 7939-0 65°15 > Sag | 344 
0 -0929 6588 -6 7937 °7 | 
1959 H 
Jan. 1.00 102-013 7232 6 0-0894 6586-2 0 65°14 | 2°74 331 
00-0891 7°3 
Feb. 1.00 101-407 7203 -9 0-0859 | 65-13 2:78 319 
0-0856 6587 °3 4 j 
Mar. 1.00 100-791 7174°8 0 -0823 6584-0 2 65°13 2-82 308 
00-0820 6536-6 0 
Apr. 1.00 100-202 7147-0 0-0789 6582-9 3 65-12 2-84 298 
0-0785 6585-8 3 
May 1.00 99-647 7120-9 0-0757 6581-8 1 65-11 2-88 i 286 
0-0752 6585-1 8 | 
Accuracy 0-005 0-2 0-0005 1-0 1-0 0-01 L0-02 +1-0 
| 
Note. Upper figures in columns 4, 5 and 6 were obtained assuming a scale height of 55-6 km. (30 nautical miles); the lower figures 
correspond to a value of 37-1 km. (20 nautical miles). 
oF As an object for optical ob- 
NVs*s servations, the satellite has been 
103-0} i comparatively faint since Octo 
| sing : ; 
ber 1958 due to its height, 
eee > which has not been less than 
w e . ° 
3 Pa ait 460 km. in the latitude of Great 
> OS . . . 
Z 102-01 ne. Britain. On only a very few 
2 agus - occasions has it been observed 
- die visually at stellar magnitudes 
> + . < . 
2 Pe brighter than -+ 3, and most 
o : : 
ra . observations have been made at 
uw 101-0} 40° ¥ Gea 3 
$ awe magnitudes -- 5 to -+ 7. Dur- 
5 . ; : 
3 | a ing May, when the satellite was 
« 5 * ° . . # . 
2 pie visible two and three times each 
ee night, its brightness remained 
ig ~ 7 
100-0} ad fairly constant (though of an 
. 60°S & . : 
unpredictable magnitude) on any 
99-5 one transit, in contrast with 


the flashing nature of its appear- 
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Nodal period of revolution of satellite 19586, (Sputnik 111). 
indicate latitude of periges 


Fig. 1. 
of atmospheric drag follows from this increase in 
height. Some idea of the increase in perigee height 
with increasing southerly latitude can be obtained 
from the following figures: at latitudes 0°, 40° S. 
and 60° S., the perigee heights were 210-9, 216-4 and 
222-5 km.. respectively, for a scale height of some 
46 km. (25 nautical miles). It is interesting to note 
that since March 25, 1959, the perigee of Sputnik [11 
has been at a greater latitude than any other estab- 
lished satellite. 

Superimposed upon the smooth curve are numerous 
irregularities implying changes in the effective cross- 
sectional area of the satellite, or as is more likely, 
irregularities in atmospheric density at perigee. Sug- 
gestions have been made as to the causes of these 
irregularities—-discontinuities of density at the boun- 
dary of the light and dark sides of the Earth’, solar 
disturbances*—though a discontinuity at about 28 
S., corresponding to one detected at about 28° N. by 
King-Hele*, has failed to make an appearance. 

The irregularities in the period — time curve have 
made it difficult to forecast with any certainty the 
date of descent of the satellite. During December 
1958 a theoretical date of descent of about December 
15, 1959, was indicated, but at the present time the 
expected date is nearer January 5, 1960. 


Numbers on curve 


a a rT) 

APR ance earlier this year. The 
satellite is still transmitting on 
a frequency of between 20-004 
and 20-005 Me./s., though it has 
Australia’ that the satellite 
does not now transmit a modulated signal when 
it is in the Earth’s shadow. Radio observers in 
Great Britain have had little opportunity of verify 
ing this since, on transits within radio-range, th: 
satellite has not been in the Earth’s shadow sinc 
April 28. 

The initial elements of the orbit of the satellite, for 
epoch May 15-3, 1958, were: nodal period, 105-975 
min. ; eccentricity, 0-111; perigee height, 226 km. : 
apogee height, 1,879 km. ; and argument of perigee 
58°. The elements for the period November 1, 1958 
May 1, 1959, are given in Table 1. The nodal period: 
have been taken from the period — time curve used 
for prediction purposes. The semi-major axis, 
eccentricity, perigee distance, apogee distance and 
the rate of rotation of the orbital plane have been 
caleulated from the periods*. The orbital inclinatior 
has been obtained by comparison with Sputnik I1/ 
rocket (19588,), and the argument of perigee from a 
mean curve plotted using values from various source: 
including the Smithsonian Astrophysical Observatory 
As the value of the scale height at heights in th« 
region of the perigee is uncertain, the eccentricits 
and the perigee and apogee distances have beon 
calculated using two values of scale heights, 55-6 km. 


been reported from 
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and 37-1 km., the limits within which the true value 
is thought to be. 

We should like to take this opportunity of thanking 
ull those who have sent us observations on satellite 
19588,, both radio and optical. 

The work described above was carried out as part 
of the programme of the Radio Research Board and is 
published by permission of the Director of Radio 
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Sir lan Heilbron, D.S.O., F.R.S. 


Stir [AN HeErLBrRoN died in London at the age of 
eventy-two, following a short illness, on September 
i+. He was born in Glasgow in 1886, was educated 

the High School and graduated from the Royal 
‘Technical Colloge there. He had, as he was fond of 
recalling, decided upon chemistry as his career against 
farnily advice, but his choice was soon confirmed 
under the inspiring guidance of the late Prof. G. G. 
Henderson, for whom Heilbron acquired a life-long 
admiration. It was at Henderson’s suggestion that 
Heilbron spent a two years tenure of a Carnegie 
fellowship from 1909 with Hantzsch in Leipzig. 
Here, a close companion of the late Prof. R. Robison, 
Heilbron developed a lasting interest in the applica- 
tion of spectroscopy to structural organic chemistry, 
and this experience seems to have led to the emergence 
of one of his marked characteristics, namely, a con- 
stant readiness to extract all possible assistance in 
the study of natural compounds by applying new 
physical techniques such as molecular distillation, 
chromatography and countercurrent distribution. 
However, his academic career at the Royal Technical 
College, Glasgow, where he was lecturer until 1914 
and where he worked in purely synthetic organic 
chemistry, was interrupted by the First World War, 
in which he served with great distinction, eventually 
as assistant director of supplies in Salonika, and was 
awarded the D.S.O. After the War, he spent a short 
time with the then newly formed British Dyestuffs 
Corporation, but soon embarked upon a brilliant 
academie career, in which he successively held pro- 
fessorial chairs in Glasgow (1919-20), Liverpool 
(1920-33), Manchester (1933-39) and London (1938- 
4%). 

Heilbron’s great and pioneering contributions to 
the study of natural compounds commenced in 
Liverpool. His early studies on the constituents of 
fish liver oils, notably squalene, led in turn to his 
introduction into Britain of micro-methods, to further 
his many investigations on the fat-soluble vitamins 
A and D, with which was associated in due course 
still wider exploratory work on steroids and caro- 
tenoids generally. It is perhaps ironical that he 
himself rarely shared fully in the culminating syn- 
thetic triumphs which were often based on the 
difficult and arduous work which he had long ago 
instituted with such conspicuous acumen, courage 
and determination. However, outstanding as were 
his many direct contributions to knowledge, as 
retlected, for example, in some three hundred original 
publications, and his bringing into being with H. M. 
Bunbury the ‘Dictionary of Organic Compounds”’, 
his indirect contributions to chemistry in genoral 
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Research of the Department of Scientific and Indus- 

trial Research. 

1 King-Hele, D. G., Nature, 182, 1409 (1958). 

2 Groves, G. V., Nature, 182, 1533 (1958). 

* Nonweiler, T. R., Nature, 182, 468 (1958). 

‘ King-Hele, D. G., and Walker, D. M. C., Nature, 182, 860 (1958). 

5 Munro, G. H., Nature, 183, 1549 (1959). 

° King-Hele, D. G., and Walker, D. M. C., J. Brit. Interplan. Soc.,17, 
2 (1959-60). 
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were perhaps unequalled. Repeatedly he equipped 
laboratories with unsurpassed vision so that each is 
now a thriving centre of research. Above all, he 
inspired a host of younger chemists, many of whom 
now occupy leading positions in universities or 
industrial life in Britain and abroad. 

The Second World War naturally brought Heilbron 
again to the service of his country ultimately as 
scientific adviser to the Ministry of Production, 
where he played an important part in introducing 
DDT, and as a result was knighted in 1946. All 
these duties, discharged with a precision and pene- 
tration which constantly surprised his associates, 
were assumed, however, in addition to his academic 
work, which went on at an accelerated rather than a 
reduced rate and led later to a new spate of publica- 
tions on such different topics as the chomistry of the 
steroids, acetylenic compounds and penicillin. More- 
over, by this time his unique experience was widely 
sought in such capacities as chairman of the Colonial 
Insecticides Committee, as a member of the Advisory 
Council of the Royal Military College of Science and 
of the Advisory Council to the Committee of the 
Privy Council for Scientific and Industrial Research, 
and in reorganizing the International Union of Pure 
and Applied Chemistry. While in the midst of these 
activities he relinquished his academic post at the 
Imperial College of Science and Technology, London, 
to become director of the Brewing Industry Research 
Foundation (1949-58), which owes so much to his 
versatility, energy and genius. 

Heilbron’s scientific life began when the study of 
chemistry and particularly of natural compounds 
was scarcely more than an academic pursuit ; but 
he lived to see many of the methods and techniques 
which he had sponsored become general tools of 
research and many of his research projects dovelop 
into substantial segments of chemical industry. It 
is not surprising, therefore, that he received wide 
recognition in the form of numerous awards and 
honorary degrees, both in Britain and overseas. Any 
mere catalogue of these achievements and distinctions 
could, however, convey little real impression of his 
great qualities as a man. Lucidity, constructive 
imagination and an almost intuitive insight into the 
complexities of scientific effort were among many 
similar characteristics which were almost immediately 
apparent to all with whom he came into contact. 
Those somewhat closer, as in the departments which 
he directed, came also to recognize his generosity, 
scrupulous fairness and invariable feeling of fatherly 
concern for even the most junior members of his 
staff. To those privileged to know him still better, 
his quick sense of humour, keen appreciation of the 
arts and, above all, the spontaneous assured wisdom 
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with which his lively mind abounded, made him an 
unforgettable and delightful personality. He is sur- 
vived by two sons, but the sudden death of his wife, 
Elda, in 1954 was a sad blow which affected him far 
more deeply than many who knew him may have 
realized. A. H. Cook 


My close friendship with Ian Heilbron dates from 
near the end of the First World War and arose 
from many common interests and activities. These 
included consultation with industrial research groups, 
membership of committees under government auspices 
and tenure at different times of the chairs of organic 
chemistry at the Universities of Liverpool and 
Manchester. Heilbron was, of course, an illustrious 
organic chemist whose reputation was world-wide 
and whose original work could justly be described as 
pioneering. As Dr. Cook has pointed out, he did not 
always enjoy the full fruits of his labours. Others 
stood on his shoulders and were thus enabled to reach 
higher. A part of his work was in fields of potential 
commercial importance and doubtless for this 
reason discoveries impatiently 
exploited. 


some of his were 
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Heilbron had much courage of his very firmly held 
convictions, and did not fail in finding words to 
express them. He caused many a breath of fresh 
air to pass over the conference tables, especially 
when he thought progress was too slow or where he 
detected evidence of red-tape mentality. 

His contributions in the Second World War were 
extremely valuable. If he had not been a scientist 
he dould have become a most successful business man 
and his executive activity was characterized by 
promptitude and efficiency. Every laboratory which 
came under his charge was greatly improved, not 
merely by new construction but also by better 
considered organization of existing facilities. His 
attention to detail in these connexions was very 
characteristic. As an investigator he also excelled in 
planning the campaign and was instrumental in the 
introduction of important novel techniques. 

In private life his friends found him quite charming, 
an excellent host and a greatly appreciated guest. He 
was fastidious and had a most sensitive appreciation 
of the fine arts. Above all he was a warm-hearted, 
generous man who devoted himself to public service 
and to the progress of science. R. ROBINSON 


NEWS and VIEWS 


Astronomy at St. Andrews: Prof. E. F. Freundlich 

Pror. E,. FrInpAY FREUNDLICH, who four years ago 
retired from the Napier chair of astronomy at St. 
Andrews, relinquishes now also his directorship of 
the University Observatory. Prof. Freundlich started 
his astronomica] life some forty years ago at the 
Berlin Observatory. Much of his work was determined 
by an early association with Einstein which made 
him pursue the question of observational tests of the 
theory of relativity. In order to investigate the 
predicted red-shift of spectrum lines, Freundlich 
created in the early “twenties at Potsdam the well- 
known Einstein Institute with its tower telescope. 
The new solar installation, among the best of the 
time, produced new observational evidence on the 
‘limb’ effect, and also important pioneer work on line 
profiles. Freundlich’s main contribution to the field 
of relativity astronomy is undoubtedly his eclipse 
work on the deflexion of light at the Sun’s limb. His 
results of 1929 are still among the best obtained on 
this extremely difficult problem, and his conclusion 
that the observed deflexion exceeds the theoretical 
value is now generally accepted. Prof. Freundlich 
left Germany in 1933 and after a few years in Istanbul 
and Prague settled in St. Andrews in 1939. Here he 
became interested in the design of a large Schmidt— 
Cassegrain telescope. A 19-in. pilot model was sue- 
cessfully set up in 1950, and the main parts of the 
full-size 37 in. telescope are now nearing completion. 
In the University, Freundlich instituted an honours 
course in astronomy, in which he paid particular 
attention to his favourite subject of celestial mech- 
anics. It is pleasing to know that when Prof. Freund- 
lich returns to his native Rhineland, an association 
with the University of Mainz will allow him to retain 
an active interest in astronomy. 


Prof. D. W. N. Stibbs 


Dr. D. W. N. Stisss succeeds Prof. E. Finlay 
Freundlich in the Napier chair of astronomy at 


St. Andrews. A graduate of the University of Sydney 
in physics in 1942, Dr. Stibbs gained his early astro- 
nomical training at the Commonwealth Observatory 
under the Astronomer Royal, Dr. R. v. d. R. Woolley ; 
afterwards they were co-authors of the well-known 
monograph “‘The Outer Layers of a Star’’. Engaged as 
lecturer in mathematical physics at Armidale in 
1942, Dr. Stibbs was seconded from there to work 
for the Royal Australian Air Force on the influence 
of the ionosphere on radio direction-finding. He re- 
turned to Canberra after the War and was appointed 
Radcliffe Travelling Fellow in Astronomy in 1951, 
and worked first at the Radcliffe Observatory, Pre- 
toria, and afterwards at Oxford where he gained his 
D.Phil. in 1954. In 1955 he joined the Theoretical 
Physics Division at the Atomic Weapons Research 
Establishment, Aldermaston, where he has_ been 
engaged in theoretical research on the interaction 
between radiation and matter under stellar condi- 
tions. He is probably best known for his fundamental 
work on the motions of the southern galactic Cepheids 
as determined from his own consummately planned 
observations at the Radcliffe Observatory. In a 
discussion of the motion of these stars and of those 
earlier observed by Joy at Mt. Wilson, Dr. Stibbs 
revealed a marked discrepancy in the neighbourhood 
of the galactic centre between the rotation of the 
Cepheid System and the neutral hydrogen clouds. 


California Institute of Technology : 
Dr. Richard P. Feynman 


Dr. RicHarp P. FEYNMAN has been appointed 
Richard Chace Tolman professor of theoretical 
physics at the California Institute of Technology. 
The trustees created the new chair in physics in 
honour of the memory of the late Dr. Richard Tolman. 
an internationally known theoretical physicist and 
chemist who for years was dean of graduate studies 
at the Institute. Dr. Feynman is considered to be 
one of the world’s outstanding theoretical physicists 
for his contributions to the understanding of atomic 
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structures and quantum mechanics. Recently, in 
collaboration with Dr. Murray Gell-Mann, of the 
California Institute of Technology, he developed 
a theory of weak interactions, which govern the 
electron and positron in radioactivity. Dr. Feynman 
aduated from the Massachusetts Institute of Tech- 
ology and received his Ph.D. at Princeton University. 
\s a scientist with the Manhattan Project, he is 
‘dited with making important contributions toward 
developing the atomic bomb. In 1954 he won the 
\ Einstein award, one of America’s highest 


Vibert 
scientifie honours. 


Ministry of Supply : Director of Materia!s Research 
and Development 

THE retirement of Dr. H. Sutton in August from 
his present post as director of Materials Research 
and Development (Air) marks the end of the full-time 
service of a most distinguished metallurgist who has 
given the whole of his professional life to the public 
service. Dr. Sutton was educated at King’s School, 
Macclesfield, took his first degree in chemistry at the 
University of Manchester, later the degree of M.Sc. 
and in 1935 he received the degree of D.Sc. In the 
First World War he served as research assistant to 
Prof. C. A. Edwards, who was then the regional 
controller and adviser in Manchester to the Ministry 
of Munitions. His departure, therefore, severs one of 
the rare personal links of the present Ministry of 
Supply with one of its predecessors, the Ministry of 
Munitions. Joining the Royal Aircraft Establishment 
at Farnborough in 1918 he was appointed the head 
of its Department of Metallurgy in 1924, a post he 
retained until 1943 when he was transferred to the 
headquarters post which he has built up. largely 
through his own personal and professional qualities, 
io the important position it now holds in the field of 
British metallurgy, especially in relation to ae o- 
nauties, 

Dr. Sutton was a pioneer in the work on he 
formulation and fabrication of light metal alloys. 
without which aircraft in their present form would 
not be known. He was also early in foreseeing some 
of the special dangers to which they are subject in 
relation to crack formation, brittleness and the like. 
In later years, while never discarding his first interests 
in aluminium-based alloys, he has been forward in 
promoting work on titanium and other possible more 
novel metals. At the same time, as the scope of his 
duties has widened, he has seen to it that much 
attention has been given to the non-metallic materials 
that play so important a part in the construction of 
inodern aircraft. A prolific author of papers on 
inctallurgical subjects published in most of the 
metallurgical journals. he has been honoured during 
his career by the award of the Simms Gold Medal and 
the Silver Medal of the Royal Aeronautical Society. 
H« is a Fellow of the Royal Aeronautical Society. a 
founder Fellow of the Institution of Metallurgists and 
a member of all the relevant professional societies. 
His professional advice has been widely sought by 
committees in government and industry and he has 
been unsparing in forwarding those subjects to which 
he has devoted his life. 


The Council for Nature 
\t the recent annual general meeting of the Council 
for Nature the following resolutions were passed : 
‘The Council for Nature fully shares the great 
concern of naturalists in Britain at the threats to the 
remaining undeveloped areas of the country’s coast- 
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line by industrial and other developments and con- 
siders that the importance of those areas, both for 
scientific study and for the conservation of wild life 
no less than for the preservation of amenity and 
opportunities for recreation, calls for a halt to the 
process of spoliation. The Council therefore urges 
that a meeting of the national bodies interested in 
the matter should be convened by the Nature Con- 
servancy at an early date with a view to pressing for 
vigorous action including a review of the principles 
at present governing the siting of nuclear power 
stations. 

“The Council for Nature welcomes the public- 
spirited action of a large firm of manufacturers in 
withdrawing recently their supplies of arsenical spray. 
The Council, while recognizing the need for the use 
of toxic sprays (subject to proper safeguard), urges 
the Government to control the wholesale application 
of agricultural sprays the cumulative effect of which 
is still unknown, but which have been, or may be, 
damaging to so many plants and animals, including 
such useful insects as bees. The Council urges further 
that the use of arsenical sprays should be prohibited 
or restricted forthwith, and that the Government and 
its agencies should give high priority to the research 
needed into the long-term effect of toxic sprays on 
the complex life of the countryside.” 


Canadian Institute of Oceanography 

THE Canadian Government as well as the univer- 
sities are showing rapidly growing interest in the 
scientific study of the oceans. An annual grant of 
90,000 dollars to Dalhousie University was made b: 
the National Research Council of Canada, for 
establishment 6f an Institute within the University 
to teach and promote research (see Nature, 183, 1161 ; 
1959). The Department of Mines and Technical 
Surveys has now announced its intention to set up a 
new three-million dollar laboratory in Bedford Basin 
at the head of Halifax Harbour only a few miles from 
the University. The project means the building up in 
the neighbourhood of Halifax and Dartmouth of a 
strong centre for marine sciences. It will include the 
Atlantic and sub-Arctic sections of the Canadian 
Hydrographic Service, the oceanographers, hydro- 
graphers and geologists who work in the Arctic and 
the Atlantic Oceanographical Group of the Fisheries 
Research Board. Ten new ships to serve them are 
already being planned and the first, the C.G.S. Hudson, 
costing seven million dollars, is expected to be com- 
missioned in 1961. The main purpose of the new 
laboratory, which will be called the Bedford Institute 
of Oceanography, is to study the physics of the water 
and the sea bed, but provision is made for close co- 
operation and liaison among all aspects of the subject, 
and with the rapidly growing effort on the Pacific 
coast.and work on the Great Lakes. In making the 
announcement the Minisiry of Mines and Technical 
Surveys stressed the importance of a better under- 
standing of the oceans to science, defence, commerce, 
and development of the country’s resources. 





Reconstruction of Brazilian Library 

AN appeal for help to reconstruct the library of the 
Brazilian Centre for Physics Research, damaged in a 
recent fire, has been launched by Unesco and the 
International Atomic Energy Agency. At a meeting 
of Uneseo’s Executive Board in Paris in June, Prof. 
P. de B. Carneiro stated that the Centre’s collection 
of works on nuclear physics and higher mathematics, 
the only one of its kind in Latin America, has been 
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almost entirely destroyed. The Executive Board 
responded to the appeal by recommending a number 
of measures to provide international aid from Unesco, 
the International Atomic Energy Agency and the 
U.N. Technical Assistance Administration. The 
library has been added to the list of projects for which 
Unesco gift coupons may be given. Universities, 
libraries, technical institutes, non-government organ- 


izations, and governments of Unesco’s Member 
States have also been asked to contribute. Organiza- 


tions or individuals wishing to help in the restoration 
of the library may write to Centro Brasileiro de 
Pesquisas Fisicas, 71 avenida Venceslas Braus, Rio 
de Janeiro, Brazil. All offers of books, micro-films, 
extracts or other documentation should be made 
directly to the Centre. Gifts of money may be sent 
in the form of Uneseo Gift Coupons, about which 
information may be obtained from the Public Liaison 
Division, Unesco, Place de Fontenoy, Paris 7e. 


Grants for U.K. Students 

THE 1959 Grants Year Book, the fourth to be issued 
by the National Union of Students (1959 Grants 
Year Book: Local Education Authority Awards to 
Students. Pp. 107. London: National Union of 
Students, 1959. 2s. 6d.), comprises a detailed guide 
to the values of awards paid by the Ministry of 
Edueation and the Local Education Authorities to 
students taking courses of higher education and to 
the regulations governing those awards. These 
details are arranged by counties and county boroughs 
and there are appended notes on university and 
technical college awards, on training college awards, 
postgraduate awards of the Department of Scientific 
and Industrial Research, and other bodies. An 
account of the new system recently introduced in 
Northern Ireland is included, and there is a general 
survey of awards, 1958-59, based on information 
received since November 1958. An introduction to 
the Year Book urges the importance of further 
expansion of the teacher training and 
stresses the need for a national scale of minor awards 
assessed on the same basis and principles as the 
major awards to eliminate the present wide variation 
in minor awards for technical and similar courses. 
Attention is directed to the wide variations between 
the local education authorities in number of awards 
shown by the Ministry of Education’s published 
statistics. 





colleges 


Research in Dairying 

Ir is not often realized that the milk produced in 
the United Kingdom nowadays amounts to about 
2,200 million gallons a year and is worth about £1 
million a day. An industry of such magnitude and 
importance surely deserves a first-class research 
The fact that it has got such a service can 
be seen from the annual report of the National 
Institute for Research in Dairying for 1958 (pp. 154. 
Shinfield : National Institute for Research in Dairy- 
ing, University of Reading, 1959. 4s.). It is clear 
from the report that the Institute is making a very 
thorough study of the scientific principles on which 
the art of dairying is based, by doing research work 
of a high quality on fundamental problems, such as 
digestion and metabolism in the ruminant, the 


service. 


biochemistry and physiology of milk secretion, and 
also on problems of an immediately practical nature 
such as those concerned with the growing of crops 
for feeding dairy cattle, the milking technique itself 
many 


and technical and engineering problems 
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associated with the handling and processing of milk 
and the manufacture of milk products. The report 
contains an informative description of the work that 
is being done in each department of the Institute, 
and some of the more significant of the recent findings 
are summarized in a brief outline which gives informa- 
tion on about thirty of the many different items 
under investigation. A well-deserved tribute is paid 
to Prof. H. D. Kay, who retired last year after being 
director of the Institute for more than twenty-five 
years, and also to the Earl of Iveagh, who has 
resigned from the board after a long period of service 
in which he did so much for the welfare of the In- 
stitute and its staff. The report includes a detailed 
list of 182 papers that were published in the period 
under review. 


Mathematical Games 

AMONG the many aspects of Japanese culture that 
have recently engaged the interest of Americans is 
‘origami’, the ancient Japanese art of paper-folding. 
Several books on the subject are now available in 
English, an origami workshop flourishes in Manhattan 
and the country’s first paper-folding exhibit was 
open to the public at Cooper Union’s Museum for 
the Arts of Decoration in New York. (Scientific 
American, 201, No. 1, July 1959.) 

The origins of origami are lost in early Oriental 
history. Folded-paper birds appear as_ kimono 
decorations in eighteenth-century Japanese prints 
but the art is many centuries c!der in both China and 
Japan. At one time it was considered an accom- 
plishment of refined Japanese ladies ; now its chief 
practitioners seem to be geisha girls and Japanese 
children who learn it in school. During the past 
twenty years there has been a marked upsurge of 
interest in origami in Spain and South America. 
Traditionally, origami is the art of folding realistic 
animals, birds, fish and other objects from a single 
sheet of paper, without cutting, pasting or decorating. 
The attraction of origami lies in the extraordinary 
realism that can be obtained with nothing more 
than a square of paper and pair of deft hands. A 
sheet is folded along geometrical lines. Suddenly 
it is transformed into a delicate piece of miniature 
semi-abstract sculpture of considerable beauty. 

In view of the geomotrical aspect of paper-foldiny. 
it is not surprising that many mathematicians have 
been fascinated by this art. Lewis Carroll, for 
example, was an enthusiastic paper-folder. The 
literature of recreational mathematics includes many 
booklets and articles on folded-paper models, includ- 
ing those curious toys called flexagons. The folding 
of regular polygons, though not part of classic origami. 
is a challenging classroom exercise. The equilateral 
triangle, square, hexagon and octagon are quite easy 
to fold, but the pentagon offers special difficulties. 
Paper can also be folded to produce tangents that 
have as their envelope various low-order curves. 
The parabola is particularly easy to demonstrate 
Closely related to this folding procedure an interesting 
problem in elementary calculus can be demonstrate. 
The most remarkable of all origami constructions is. 
however, the bird that flaps its wings. A number of 
origami animals have action features: a fish that 


-opens its mouth, a frog that hops when its back is 


stroked, and so on. 


International Combustion Symposium 


THE report of the Seventh Symposium (Inter- 
national) on Combustion, the first of the Inter- 
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national Combustion Symposia to be held outside 
the United States, has been published (Pp. xxvi+ 
959. London: Butterworths Scientific Publications, 


1959. 224s.). It contains 124 original papers presented 
during August 29-September 3, 1958, at Oxford. 


Few who have a_ serious interest in combustion 
will fail to profit from a study of its pages. The 
largest of the eleven groups of papers concerns 
the chemistry of combustion reactions, and there 
are three important groups devoted respectively to 
deflagration, detonation and combustion in flowing 
systems. Smaller sections are concerned with 
spectroscopy, ionization and turbulence in flames, the 
last containing particularly welcome contributions to 
a difficult and, until recently, neglected subject. The 
section on ignition and limits of inflammability 
attracted mainly papers on the former subject, while 
that on the interaction of flames with surfaces proves 
to be a repository for papers on a variety of loosely 
related topics. The section on special fuels is 
disappointingly short and the final group of papers 
on instrumentation is characteristically miscel- 
laneous. 

The editors and publishers are to be commended 
on at least two counts. For the first time the volume 
appeared with a delay of little more than six months 
after the meetings. Furthermore, there is for the first 
time a rational and almost complete record of the 
discussions. One suggestion still remaining to be 
implemented is that the papers should be provided 
with a uniform type of summary or abstract. Will 
the Eighth Symposium book display every virtue of 
its kind? The present volume has not fallen far 
short of doing so. 


Computer Applications 

THE report of the proceedings of the fifth annual 
Computer Applications Symposium, held in Chicago 
during October 29-30, 1958, has now been published 
(pp. x+153. Chicago, Ill.: Armour Research 
Foundation of Illinois Institute of Technology, 1959. 
3 dollars). It covers the whole range of applications of 
computers and some two-thirds of the papers are 
concerned with data processing or computer organ- 
ization, even though sometimes labelled as engineer- 
ing and scientific, as, for example, the papers by 
R. A. Haertle on “Use of a Computer in the ‘AC’ 
Spark Plug Division of General Motors’’, and by 
Kk. M. Chastain and J. C. McCall on ‘‘Computer 
Sharing by a Group of Consulting Engineering Firms” 
At first reading it would appear that the United 
States is much ahead of Britain technically in 
dealing with data processing and large-scale scientific 
work, but perhaps it is in the attitude of mind to- 
wards application of the computer to this type of 
work that Britain is really behind. The breadth of 
vision shown in papers such as that of Col. Ellett, 
dealing with the data processing for air material 
ce inmand, and the willingness to attempt the ‘blue 
skies’ approach indicated both there and in the paper 
by R. D. Whisler on work at Johnson’s Wax, is 
very impressive. It contrasts markedly with the 
timid and hesitating steps being taken in Britain 
and is a measure of the confidence now felt in the 
United States in the capacity of computers to carry 
through data processing economically. On the tech- 
nical side, one or two papers are of particular interest, 
such as that of R. W. Hamming on ‘Frontiers of 
Computer Technology’’, and that of W. F. Bauer on 
“The Future of Automatic Programming’’. On the 
whole, it is an interesting report, but not of special 
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interest to the general scientific reader, except to 
demonstrate the very wide field over which com- 
puters are now applied. 


Guatemalan Flora 
THE Flora of Guatemala is continued with a part 
devoted to a number of families of Gymnosperms and 


Monocotyledons, including the large Cyperaceae, 
Palmaceae, Araceae and Bromeliaceae (Chicago 
Natural History Museum.  Fieldiana: Botany. 
Vol. 24, Part 1: Flora of Guatemala. By Paul C. 
Standley and Julian A. Steyermark. Pp. ix +478 


(121 figures). (Chicago, Ill.: Chicago Natural 
History Museum, 1958.) 8 dollars). There is a 
number of helpful illustrations. It must be remem- 
bered that this work also deals with the flowering 
plants (and their vernacular names) of British 
Honduras, ‘since on both geographic and botanical 
grounds it is essentially a part of Guatemala’. This 
part opens with a plan of the Flora, and mentions 
certain areas of Guatemala which still need further 
exploration. 


Space Projectiles 

THE Russian journal Priroda has recently pub- 
lished a series of articles dealing with various 
types of space projectiles launched in the Soviet 
Union and the type and methods of observations 
connected with these projectiles. Thus Y. L. Alpert 
(10, 71; 1958) discusses “ag study of the ionosphere, 
V. I. Krasovsky (12, 7 a ae study of the 
upper atmosphere, A. E. y: hudakov (12, 88; 1958)— 
the study of photons, N. A. Dobrotin (1, 57, 1959)— 
the study of cosmic rays, N. 8S. Yakhontova (4, 5; 
1959) presents. an account of the small artificial 
planet launched in January, and, finally, V. L. Kurt 
(5, 74; 1959) discusses the artificial luminous sodium 
comet. 


New Radioisotope Training Programme 

THe Atomic Energy Commission of the United 
States has announced a new programme which will 
provide students of undergraduate colleges with the 
opportunity for specialized training in the techniques 
of ‘using radioisotopes. The new programme will 
utilize a mobile training laboratory which can be 
moved to the college campus for presentation of a 
short (two-week) concentrated course on the basic 
techniques of handling radioisotopes. The laboratory 
will be similar to one presented last year to the 
International Atomic Energy Agency by the United 
States. Further information is available from 
University Relations Division, Oak Ridge Institute 
of Nuclear Studies, P.O. Box 117, Oak Ridge, 
Tennessee. 


Animal Health Trust Awards, 1959-60 


Tue Animal Health Trust has announced the follow- 
ing senior awards for the period 1959-60. Wellcome 
Fellowships : Mr. P. H. Lamont to undertake investi- 
gation of enteroviruses of the pig, and their possible 
role, in disease, at the Department of Animal Patho- 
logy, Cambridge, under Prof. W. I. Beveridge ; Mr. 
I. R. Falconer to study thyroid—ovarian—pituitary 
interrelationship at the Department of Biological 
Chemistry, University of Aberdeen, under Dr. H. A. 
Robertson. Vitamealo Fellowship: This new award 
was founded to commemorate the 70th birthday of 
Lord Rank and his close association with Vitamins, 
Ltd., by whom it was given. The first recipient 
is Mr. D. B. Ross, who is to continue work on some 
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of the more fundamental aspects of magnesium 
metabolism, particularly intestinal absorption. Initi- 
ally Mr. Ross will work at the Department of Animal 
Pathology, Cambridge. Research Training Scholar- 
ship: Mr. W. A. G. Charleston to undertake an 
investigation into the mechanics of the quadrupedal 
vertebral column, with special reference to the dog 
and the cat, under Prof. C. W. Ottway at the Depart- 
ment of Veterinary Anatomy, University of Bristol. 
Eight Evans Final Year Scholarships have also been 
awarded. 


The International Nickel Company of Canada, Ltd., 
Fellowship 


THE establishment of a fellowship to honour the 
visit of H.M. the Queen and H.R.H. Prince Philip, 
Duke of Edinburgh, to the nickel mines in the Sud- 
bury area has been announced by the International 
Nickel Company of Canada, Ltd., and the Canada 
Council (the latter being a body established by the 
Canadian Government for the encouragement of the 
arts, humanities and social sciences). The fellowship 
will be called “The Queen Elizabeth II Fellowship 
(The International Nickel Company of Canada, 
Limited, Royal Tour, 1959)’. The award will be a 
postdoctoral fellowship tenable for two years. 
Research can be undertaken in the chemistry or 
physics of metals, geophysics, geology, metallurgy, 
mineralogy, or mining. Candidates must be Canadian 
citizens and holders of a doctor’s degree and the 
fellowship must be held at a Canadian university. 
The International Nickel Company has deposited 
15,000 dollars with the Canada Council, which will 
supervise all arrangements for the fellowship. 


The Night Sky in November 


Fuit Moon oceurs on Nov. 15d. 09h. 42m. v.t. 
and New Moon on Nov. 30d. 08h. 46m. The following 
conjunctions with the Moon take place: Nov. 4d. 
16h., Saturn 5° S.; Nov. 27d. 02h., Venus 0-6° N. 
In addition to these conjunctions with the Moon, 
Mereury is in conjunction with Jupiter on Nov. 7d. 
10h., Mercury being 3-4° 8.. Mercury with Antares 
on Nov. 10d. 05h., Mercury being 2-0° N., Jupiter 


with Antares on Nov. 15d. 16h., Jupiter being 
5-2° N., Mercury with Jupiter on Nov. 17d. O6h., 


Mereury being 2:1° S8., Mercury with Antares on 
Nov. 17d. 20h., Mercury being 3-3° N., and Venus 
with Spica on Nov. 30d. 05h., Venus being 4-5° N. 
Mercury is too close to the Sun for observation. 
Venus is a morning star, rising at 2h. 35m., 2h. 55m. 
and 3h. 25m. on November 1, 15 and 30, respectively ; 
its stellar magnitude is —4-0. Its distance increases 
during the month from 55 to 77 million miles and the 
visible portion of the apparent disk increases from 
0-443 to 0-598. Mars and Jupiter are too close to 
the Sun for observation. Saturn sets about 2 hr. 
after the Sun, and will be visible low in the south- 
west after sunset ; conditions are not favourable for 
observation. Occultations of stars brighter than 
magnitude 6 are as follows, observations being made 
at Greenwich: Nov. 4d. 17h. 47-6m., Y Ser. (D) ; 
Nov. 5d. 17h. 23:7m., ¢ Sgr. (D); Nov. 14d. 3h. 
53-9m., — Ari. (D); Nov. 16d. 18h. 32-0m., « Tau. 
(D): Nov. 16d. 19h. 28-9m., « Tau. (R). D and R 
refer to disappearance and reappearance, respectively. 
The Taurid meteors are active during the first fort- 
night of the month, conditions being moderately 
favourable; the radiant is near R.A. 3h. 36m., 


Dec. + 14°. The Leonids are active during November 
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15-17, but conditions are unfavourable for observa- 
tion. 


Announcements 
THE first Polarographic Society Medal has been 


awarded to Prof. J. Heyrovsky for his discovery of 


the polarographic method in the nineteen-twenties 
and for the subsequent major contributions to the 
subject by himself and his students. 


Dr. W. M. Hampton, of Chance Brothers, Ltd., 


will deliver the Fifth Chance Memorial Lecture of 


the Society of Chemical Industry under the title 
“The Development of Furnaces for Glass Melting”. 
The Lecture will be delivered on February 9 in 
Birmingham. 


Dr. AINSLEY IGGo, of the Department of Physio- 
logy, University of Edinburgh, has been appointed 
by the Royal Society to a Locke Research Fellowship. 
Dr. Iggo will continue his research at Edinburgh on 
unmyelinated afferent nerve fibres: their peripheral 
specificity and their central connexions. 


Pror. A. L. HopGxin, Royal Society research 
professor in the University of Cambridge, and Prof. 
R. Milnes Walker, professor of surgery in the 
University of Bristol, have been appointed members 
of the Medical Research Council in succession to 
Prof. R. C. Garry and Mr. H. J. Seddon, who are 
retiring after their normal four-year term of service. 
The Committee of Privy Council has also recent], 
appointed Sir Hugh Linstead as the House of 
Commons member of the Council in succession to 
the late Richard Fort. 


THE Bibliography of Scientific Publications of 
South and South-East Asia for June 1959 (No. 6. 
Vol. 5) compiled jointly by the Unesco Science 
Co-operation Offices for these areas and published by 
Insdoc, National Physical Laboratory, New Delhi, 
lists by subject a further 102 titles. 


THE Committee on Fire Research and the Fire 
Research Conference of the Division of Engineering 
and Industrial Research of the U.S. National Academy 
of Sciences—National Research Council is planning 
a two-day international symposium on the theme 
“The Use of Models in Fire Research’’, to be held at 
the National Academy of Sciences in Washington. 
D.C., during November 9-10. Further information 
can be obtained from Mr. D. W. Thornhill, Executive 
Secretary, Committee on Fire Research and Fire 
Research Conference, National Academy of Sciences. 
2101 Constitution Avenue, Washington 25, D.C. 


Awakps for study in statistics by persons whose 
primary field is not statistics but one of the physical, 
biological or social sciences to which statistics ean he 
applied are offered by the Department of Statistics 
of the University of Chicago. The awards rango from 
3,600 dollars to 5,000 dollars on a nine months basis 
or 4,400 dollars to 6,000 dollars on a basis of eleven 
months. The closing date for application for the 
academic year 1960-61 is February 15, 1960. Further 
information can be obtained from the Department 
of Statistics, Eckhart Hall, University of Chicago, 
Chicago 37, Illinois. 


Erratum. In the communication entitled ‘Incor- 
poration of DL-[2-4C] Mevalonic Acid Lactone into 
Polyisoprene”’, by R. G. O. Kekwick, B. L. Archer 
et al., in Nature of July 25, on p. 270, col. 1, line |, 
for “‘active”’ read ‘‘inactive’’. 
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THE NATIONAL PHYSICAL LABORATORY 


rT HE National Physical Laboratory held two open 

| days on May 27-28, when about 3,500 guests 
from industry, the universities and Government 
departments viewed 150 exhibits covering the main 
items of the current research programmes. As last 
year, the exhibits were chosen to illustrate certain 
selected topics, but arrangements were made for 
visitors to discuss with specialist members of the 
stuff items of work not on display. 

The nine scientific divisions of the Laboratory 
function largely as independent units, but in a 
number of cases the programmes involve close col- 
laboration between divisions. This is particularly the 
case with the work of Mathematics Division, much 
of the work of which consists of providing advice 
and computing facilities to other divisions. Excellent 
examples of the fruitfulness of such collaboration 
were seen in the work on machine-tool control by 
the use of diffraction gratings, shown by the Light 
Division, and in a new infra-red spectrometer ex- 
hibited by the Basic Physics Division. 

The measurement of fundamental standards has 
always been one of the basic responsibilities of the 
Laboratory, and a reorganization of Divisions in 
1958 brought such measurements mainly within the 
ticlds of the Standards and Applied Physics Divisions, 
with the newly created Basie Physics Division con- 
cerned with more fundamental research in some 
newer fields. 

In an experiment designed to measure the gyro- 
magnetic ratio of the proton, apparatus for which 
was exhibited, the Standards Division is extending 
its field of endeavouring to relate measurement to 
atomie constants. A magnetic field about twenty 
times the strength of the Earth’s field is produced by 
means of a known electric current in wire coils of 
known dimensions. At the centre of the coil system 
a spherical container is filled with water, the source 
of the protons. The latter are polarized in a direction 
perpendicular to the known field by 2 current main- 
tained for a few seconds in a coil surrounding the 
sphere. When this polarizing field is removed the 
protons return to a state of equilibrium over a period 
of about 2 see., during which time an emf. 
is induced in the polarizing coil, now used as 
w pick-up coil. The frequency of this e.m.f., about 
40 ke./s., is measured, and from it and the known 
applied field the gyromagnetic ratio is calculated. 
This constant is of importance for defining stronger 
magnetic fields, which may then be used for the 
determination of e/m for fundamental particles. 

The tendency to relate all standards to more funda- 
mental quantities is also seen in the use of mono- 
chromatic radiation as a fundamental standard of 
length. The precise intercomparison of wave-lengths 
has thus become of increased importance, and a 
hizh-resolution spectrometer for this purpose was 
shown. It uses the method of air-pressure variation 
to sean the fringes of a Fabry—Perot interferometer, 
but, sinee the instrument is illuminated with light of 
the two wave-lengths to be compared in very rapid 
alternation, it is not necessary to measure the 
absolute pressure of the air very exactly. In syn- 


chronism with the rotating ‘chopper’ shutter the 


output of the receiving photomultiplier is switched 
to two amplifiers. Errors due to changes of source 
intensity are eliminated by an additional photocell 
measuring the ratio of transmitted to incident light. 
The variation in intensity of the centre fringe with 
pressure for the two sources being compared is 
recorded on a chart recorder. Arrangements are also 
fitted for digitizing the records on punched tape, 
which can then be fed to a computer for Fourier 
analysis to obtain data on phase shifts at the semi- 
reflecting surfaces and other information. The 
instrument will be used for comparisons of standard 
wave-lengths, measurements of isotope shifts and 
work with sources at liquid-helium temperatures. 

Another new field of standardization, undertaken 
in the Applied Physics Division, is that of neutron 
sources, required to produce known neutron fluxes 
for work in problems of reactor design. The strengths 
of the sources are compared by suspending them 
overnight by a fine thread at the centre of a large 
spherical container filled with manganese sulphate 
solution. A correction is applied for the neutrons 
escaping from the vessel. The amount of man- 
ganese-56 produced is determined by §8-decay 
measurements, which are compared with those 
obtained after the addition of a known amount of 
active manganese to the same container. It is also 
hoped to obtain a confirmatory measurement from 
the amount of helium produced in three sources 
over a period of time. Six British sources have 
been compared with a Canadian standard. 

The same Division has several rooms specially 
designed for the measurement of sound, but this is a 
field in which subjective measurements ace of more 
than usual importance. The results of extensive 
experiments on the loudness of directional sound 
fields, as measured by pressure at the listener’s ear, 
were shown. Such measurements, however, do not 
indicate the total loudness to a listener, owing to the 
additive effects of both ears. Charts were also shown 
for a group of observers, showing that the directional 
arrival for maximum loudness varies in a com- 
plicated way with frequency. An approximate 
binaural summation theory has been developed, 
from which some calculations of loudness have been 
made ; these compare fairly well with the results of 
direct measurements. 

The newer programmes in the Basic Physics Division 
are only now coming into operation. An interesting 
infra-red spectrometer of novel type, for study of the 
wave-length region 50u-]1 mm., was shown. This 
region is of particular importance in the theory of 
superconductors and of radiation from the Earth’s 
atmosphere. A Michelson interferometer is used to 
scan the spectrum, the output intensity being received 
by a Golay cell. The resulting interferogram is then 
translated into a spectrum by digitizing the informa- 
tion and feeding to a computer. The instrument has 
considerable advantages over a conventional infra- 
red spectrometer in speed: in a typical example the 
range 100-300u was observed in 25 min., with a 
resolution of 0-4 em.-!, and computed in 5 min. It 
is hoped that with further development corresponding 
advantages in resolution will also be obtained. 
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The same Division also showed an_ ultrasonic 
goniometer. In this device the critical angle of 


reflexion of an ultrasonic wave (5 mc./s.) incident 
upon an area of about 1 cm.* of the surface of the 
specimen is measured. In metals of marked elastic 
anisotropy, any preferred orientation introduced 
during fabrication can be detected from the change 
in this critical angle. It is, for example, in some 
cases possible to determine the rolling direction of a 
plate. By varying the frequency of the incident 
wave (2-15 mce./s.) some information on the depth of 
surface effects in texture can be obtained. 

In the Metallurgy Division results of importance in 
the fundamental theory of metals are being obtained 
from transmission electronmicrographs of thin iron 
foils. Strip, 0-02 in. thick and representative of bulk 
material, is thinned by electropolishing to 2—3000 A., 
at which thickness electrons can penetrate it. The 
idea that in alpha iron two dislocations with <111> 
Burgers vectors unite to form one <100> dislocation 
with a saving of energy has been confirmed by the 
observation of a hexagonal network formed by the 
interaction of two dislocation systems. Distortion in 
parts of this network, shown in some of the photo- 
graphs exhibited, can also be explained in terms of 
the interaction of stranger dislocations. Photographs 
were also shown of precipitates, about one hundred 
atoms thick, growing from a supersaturated alloy in 
dendritic form on dislocations. 

The recording of creep strain data is often a major 
item in the programme of a large metallurgical 
laboratory, and a new electrical recording extenso- 
meter, developed in the Division, promises to simplify 
this problem. The movements of the extensometer 
are measured by the changes in inductance in a 
linear differential transformer fitted to the extenso- 
meter limbs. The transducer is built into a bridge 
cireuit, in which an electronic detector is used to 
determine the balance conditions, and measurements 
are independent of zero drift or changes in ampli- 
fication. Long-term stability, of great importance in 
tests lasting 10,000 hr. or more, is dependent only on 
the stability of the transducer and resistors. Other 
advantages of the equipment, the sensitivity of which 
is comparable with that of a mirror extensometer, 
are the possibility of measurements over a large 
range of strain without readjustment, and _ the 
application of automation to the recording of the 
data. 

Other Divisions of the Laboratory are concerned 
more with developments in applied science, with 
particular reference to problems of interest to 
industry, and Control Mechanisms and Electronics 
Division demonstrated a technique for the manu- 
facture of radial coded plates for recording digitally 
the instantaneous position of a revolving shaft. The 
individual code zones are generated circumferentially 
in succession, by optical reduction from a 35-mm. 
film in conjunction with a dividing machine, and the 
precision of the latter is the limiting factor in the 
angular resolution obtained. This process is much 
quicker, particularly for complicated code systems, 
than earlier methods of programming a set of events, 
for example, lamp flashes, to produce one element of 
all the code zones simultaneously in a radial direction. 
An example was shown of an eighteen-code system 
with a resolution of 0-01° and a total radial width 
of 0-1 in. 

An application of radial diffraction gratings was 
shown in a system for measuring the torque in a 
rotating shaft. Each end carried a radial grating in 
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conjunction with a similar stationary grating, pro- 
ducing an alternating signal by interruption of an 
optical beam. Any torque on the shaft is manifested 
as a phase difference between the signals from the 
two ends ; such a system is sensitive to a few seconds 
of arc. 

In addition to the work on the use of diffraction 
gratings in machine-tool control, several novel uses 
of the interferometric principle were exhibited by the 
Light Division, a Késters prism being used as a 
compact Michelson interferometer. When used to 
measure the angle of tilt of a reflecting surface hy 
the alignment of white light fringes such a system is 
sensitive to 1/10 sec. of are. The instrument, with 
both coarse and fine adjustments to facilitate setting, 
has possible applications in engineering metrology. 
The Késters prism is also used as a reverse shearing 
interferometer for testing the revolution symmetry 
and asphericity of large mirrors. In another method, 
in which no test plate or comparison system is 
needed, such larger systems are examined by the 
superposition of the scattered light from two identical 
plastic scattering screens. The interference colours 
seen on the mirror indicate directly to a millionth 
of an inch how far each point of the surface is above 
or below that of an imaginary perfect sphere. 

The work of the Aerodynamics and Ship Divisions is 
from the nature of their subjects rather more special- 
ized than that of other divisions. Perhaps the field 
of greatest topical interest on display in Aero- 
dynamies Division was that concerned with the new 
aerodynamic problems that occur in hypersonic flow 
(that is, at speeds greater than about five times that 
of sound), particularly those associated with the 
temperature of several thousand degrees centigrade 
that arise from aerodynamic heating. The Division 
is developing a shock tunnel, in which the flow 
duration is about a millisecond, and a ‘hotshot’, in 
which about twenty times this flow duration can be 
obtained. Two small shock tubes were shown in 
which spectrographic and microwave techniques are 
being developed for temperature measurements and 
for studying the effects of dissociation and ionization. 

Also of current interest is the design of slender 
wings, the planform and section shape of which com- 
bine to give the required low drag at cruising speeds 
of about twice the speed of sound, together with 
satisfactory stability characteristics and good landing 
and take-off performance. Vortex-type flow separa- 
tions from sharp edges are being studied in transonic 
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Vortex wake behind a swept-back wing at low speeds as 
shown by a tuft grid placed behind the model 
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and supersonic flow, and appear to behave in a 
remarkably similar way to those at low speeds 
(Fig. 1). The work shown included detailed quanti- 
tative explorations in a low-speed tunnel and flow 
visualization experiments on a wing oscillating in a 
water tunnel in which qualitative observations were 
being made on the flow in these dynamic conditions. 

Results were also displayed from an extensive 
series of investigations into the aerodynamic design 
of swept wings for aircraft to cruise in the Mach 
number range 0-8-1:2. A special design of wing 
section has been developed to delay the drag rise 


that occurs at transonic speeds, and methods of 


combining a high drag-rise Mach number with a large 
drag-rise/buffet margin are being sought. To enable 
drag-rise and buffet boundaries to be predicted, a 
semi-empirical theory has been developed for cal- 
culating pressure distributions in two-dimensional 
transonic flow. The effects of wing planform, camber 
and twist have also been studied, together with the 
design of the junction between wing and fuselage, 
with the object of maintaining the full sweep of the 
isobars over the whole of the wing span. One of the 
biggest problems is to reduce the required body 
‘waisting’ to an amount acceptable for civil aircraft. 

Research displayed on boundary-layer and shear 
flows included theoretical and experimental investi- 
gations into the mechanics of transition following 
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the non-linear growth of small disturbances, measure- 
ments of surface friction, and studies of turbulent 
boundary-layer development, wall jets, pipe flow, and 
the flow up an abrupt step at a Mach number of 2-5. 

As part of a long-term programme of research into 
ship vibration, the Ship Division demonstrated 
apparatus for determining the characteristics of the 
oscillatory pressure distribution around model pro- 
pellers. A large dynamometer for propellers up to 
24 in. in diameter measures torque and thrust elec- 
trically by movement of a balanced armature trans- 
former, connected to a bearing in a helical slot on the 
shaft in one case, and to a flexible coupling allowing 
only axial movement in the other. A new 12-in. 
open dynamometer was also displayed: this has a 
capacity of 5 lb./ft. torque and 50 lb. thrust at 0 to 
2,000 r.p.m., torque being measured by balancing the 
reaction on the motor casing, and thrust by balancing 
the axial load on the shaft. Both componenis are 
measured by dead-weight and spring systems, 
recording on a built-in chart recorder. 

On the Lithgow water tunnel, techniques for auto- 
matic data recording and analysis have been installed. 
Measurements of the physical quantities are con- 
verted into either rotation of a shaft or into voltages : 
shaft digitizers or digital voltmeters then turn these 
into coded electrical pulses suitable for feeding to 
computers. 


INDUSTRY RESEARCH ASSOCIATION 


NEW LABORATORIES 


HE official opening of the newly built laboratories 

of the British Glass Industry Research Associa- 
tion by the Right Hon. the Earl of Halifax, chancellor 
of the University of Sheffield, which took place on 
June 6, marked a noteworthy stage in the develop- 
ment of industrial research for the British glass 
industry. Co-operative research has been continuously 
expanding since the inauguration by W. E. S. Turner 
of a Department of Glass Manufactur’ in the Univer- 
sity of Sheffield in the autumn of 1915. Prof. Turner, 
then a lecturer in chemistry in the University, 
pioneered the establishment of a centre of organized 
scientific research into the physical and chemical 
properties of glass, to provide technical and scientific 
advice to the industry, and to include facilities for 
teaching. Under his influence and professorship (he 
occupied the chair from its inauguration in 1920 
until his retirement in 1945) the Department of Glass 
Technology, as it was renamed, became known and 
respected throughout the world by those interested 
in the manufacture and use of glass. 

In his early endeavour to found the Department 
of Glass Manufacture, Turner received great en- 
couragement from his professor, the late W. P. 
Wynne, who loaned him a small chemical laboratory 
for his investigations and a tiny attic to house his 
glass-melting furnace. He also received the enthusias- 
tic support of glass manufacturers—particularly those 
of south Yorkshire and of Lancashire. With increase 
of work and staff, Turner expanded his Department 
to occupy first a section of the applied science building 
of the University, and when this became insufficient, 
the site of a derelict glassworks in the Attercliffe 
district of the city. The latter site was occupied 


until 1938 when, with the financial support of 
the glass industry, the present Department was 
built by addition to a large house occupying 
extensive grounds adjoining the main University 
territory. 

After the Second World War it became apparent 
that the requirements of industrial investigations, 
and that part of the research work which formed 
their immediate background, involved so much time 
that staff could not efficiently conduct them coin- 
cidentally with teaching and long-term research 
duties. Prof. H. Moore, who succeeded Prof. Turner 
on his retirement in 1945, therefore advocated the 
establishment of a research association as a separate 
entity, the function of which would be to attack the 
industrial and development problems, leaving the 
University Department free to concentrate upon 
fundamental research and the education of glass 
technologists. On the retirement of Prof. Moore in 
1955 this plan was adopted, Prof. R. W. Douglas 
being appointed to the chair of glass technology, and 
Dr. R. G. Newton as director of the newly formed 
Research Association. From this time until the occu- 
pation of its new building in January 1959, the 
Research Association’s staff was successfully accom- 
modated in the University Department’s building, 
despite the rapid expansion of both organizations. 
The foregoing will have indicated the close connexion 
between the University, the Research Association 
and the glass industry: the new buildings of the 
Research Association, built to the design of Prof. 
Stephen Welsh, now stand adjacent to the University 
Department, which will enable the close connexions of 
the past to be maintained in the future. 
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Fig.1. The British Glass Industry 


The British Glass Industry Research Association 
is supported by eighty-nine subscribing member firms, 
forty-seven of which are engaged in glass melting, 
the remainder being closely associated with glass 
manufacture through the supply of raw materials or 
are connected with the manipulation of fabricated 
glass, as, for example, the formation of articles from 
glass tubing. The strong backing of the British Glass 
Industry Research Association by industry is denoted 
not only by the fact that approximately half its 
income is derived from members’ subscriptions but 
also from the fact that the forty-seven members pre- 
viously noted as being concerned with the actual 
melting of glass together melt 98 per cent of the total 
glass melted in the United Kingdom. Strong fin- 
ancial support is also provided to the Association 
by the Department of Scientific and Industrial 
Research. 

Following the opening ceremony, members and 
guests of the Association were invited to tour the new 
building and inspect numerous exhibits which illus- 
trated the type of work being carried out by the 
Research Association. The laboratories are section- 
alized to conform so far as possible with the type of 
problem to be dealt with. The two-story building, 
which has a total superficial area of 20,000 sq. ft.. 
is of ‘L’-shaped plan, the ground-floor housing 
administrative offices, a section dealing with fuel, 
furnace and instrumentation problems, laboratories 
for the study of glass technological problems, a 
refractories section, and a furnace room with its 
associated batch mixing shop. The furnace room is 
sited at the extreme end of the wing and occupies 
a single story only so that heat and noise will not 











Research Association Laboratories 


impede the work of other sections. The first floor 
is occupied by a reference library and information 
section, with associated reading rooms and meeting 
room, work study section, drawing office, and with 
the physical and chemical laboratories. Each of the 
latter two sections is subdivided into main and 
subsidiary laboratories. In the chemical section, for 
example, a separate division has been made to enable 
the durability of glass to various attacking media 
to be studied without the influence of the general] 
atmosphere of the main chemical laboratory. Muffles 
and lead-lined fume cupboards for decomposition 
with hydrofluoric acid have also been segregated, and 
a separate division for spectrographie work has been 
provided. 

A semi-basement extending beneath  approxi- 
mately half the ground-floor area contains an ex- 
cellently equipped workshop, a pot room and a pot 
drying-room for the manufacture of small melting 
pots and other refractory articles. The remainder of 
the basement area is given to storage space, boiler- 
house, and a glass grinding, cutting and polishing unit. 

Numerous demonstrations illustrating the type of 
work done by individual sections were presented, of 
which only a limited number may be mentioned 
within the compass of this short review. The fuel. 
furnace and instrumentation section demonstrated 
methods of surface temperature measurement and 
the estimating and recording of oxygen content of 
waste gas from furnaces, together with results of 
furnace heat surveys carried out at member-firms’ 
factories with the view of assessing furnace perform- 
ance under varying conditions. The physics section 
demonstrated laboratory apparatus for the determ- 
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ination of tensile strength and thermal expansion, 
the latter by instrumental recording of the rate of 
expansion, thus eliminating the necessity for lengthy 
periods of direct observation. This section also 
demonstrated a pressure test rig for glass panels in 
which deflexions from fifty individual points on the 
vlass surface were simultaneously displayed on scale 
instruments and cine-photographed at second inter- 
vals during the loading cycle. The performance of 
different types of refractory materials for glass 
furnace construction had been the subject of investiga- 
tion by the refractories section, and a demonstration 
of a corrosion—erosion test rig was given. The glass 
technology section showed a novel rotating hearth 
furnace designed to give identical thermal treatment 
simultaneously to a number of experimental glass 
batch mixtures. This apparatus is to be used for 
study of the influence of raw materials on the rate 
of founding of glass. The chemical section, in addition 
to numerous examples of analytical techniques in 
silicate analysis, demonstrated apparatus for the 
determination of the durability of glass to aqueous 
attack, and gave an excellent demonstration of the 
analysis of gaseous inclusions in glass. The demon- 
stration showed methods of extraction of minute 
bubbles of gas from solid glass and of their analysis 
to the component gases carbon dioxide, carbon mon- 
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oxide, sulphur dioxide, sulphur trioxide and oxygen. 
Such studies have an important bearing on the problem 
of melting high-quality glass at maximum rate. The 
work-study section illustrated the use of one-second 
interval cine-photography for the study of manual 
operators in factories, and has shown that this 
technique can prove of value when a number of 
individual manual operations have to be co-ordinated 
with each other or with the operation of a machine. 

Speakers at the official luncheon marking the 
opening ceremony reviewed the origin and future 
objectives of the British Glass Industry Research 
Association. Dr. L. H. A. Pilkington, chairman of 
the Council of the Association, directed attention to 
the man-power deployed on research in glass tech- 
nology at the present time, estimating this to be 
some 200-250, and forecasting that the figure would 
increase to 750-900 within a five-year period. 
Although smaller in numbers than a force of some 
750 at present employed in research by four of the 
largest glass manufacturing firms of the United 
States, these men managed to keep us abreast of 
developments in many fields and definitely ahead in 
some. Mr. A. W. Clark, chairman of the Glass 
Manufacturers’ Federation, referred to the value of 
research associations to smaller firms the resources 
of which could not justify individual research units. 


RESEARCH ORGANISATION 


NEW LABORATORIES 


‘| HE Coil Spring Federation Research Organisa- 

| tion, which has been in existence for fourteen 
years, has for the majority of this time confined 
ts research activities to extra-mural work in univer- 
sities, although the long-term aim of the spring 
industry has always been to operate its own research 
and development laboratories while maintaining 
the close links it has established with universities. 
This has now been achieved by the setting up of a 
new research centre, the construction of which has 
heen financed from reserves set aside for the purpose. 

The two-story laboratory block recently completed 
ii Doneaster Street, Sheffield, is probably the most 
comprehensive of its kind for research into all forms 
of springs and spring materials. 

The ground floor, in addition to the usual reception 
facilities, contains laboratories for heavy-fatigue 
testing, general mechanical testing, experimental heat 
treatment and electroplating. In the fatigue testing 
laboratory are housed 125 h.p. machines capable of 
applying a dynamic load of 9 tons, which are used for 
fatigue testing heavy coil springs; up to eighteen 
springs may be tested at one time. Other machines 
used for fatigue testing springs of the internal com- 
hustion engine type are capable of infinitely variable 
speeds of compression of up to 4,000 per min. Fatigue 
tests in repeated torsion are carried out on torsion 
bars, and are used to produce data from which an 
assessment of the effects of composition, heat treat- 
nent and surface condition can be made prior to the 
manufacture of experimental helical springs. A special 
feature of this laboratory is the sound-proofing and 
anti-vibration features incorporated in both the 
suspended ceiling and the floor. 





The mechanical testing laboratory houses a variety 
of conventional machines used for determining the 
properties of both specimens and springs, covering 
the range of material diameters 0-004-2-0 in. One 
machine, for example, is capable of developing a 
maximum torque of 120,000 in. lb., and is used to 
investigate the effects of hardenability on the static 
torsional properties of large-diameter spring steel 
bars. 

Many researches relate to the load-deflexion 
characteristics of springs and the Organisation has a 
comprehensive range of machines, capable of applying 
static loads from a few ounces up to 30 tons. The 
determination of fatigue characteristics of drawn 
wires of diameters 0-01—0-25 in. is provided for by 
high-speed rotating-beam fatigue machines, which can 
complete up to 100 million cycles in as little time as 
one week. The study of corrosion and protection of 
spring materials and the effects of hydrogen embrittle- 
ment due to electroplating has had an important place 
in the Organisation’s programme for many years. 
The work is being continued in a new laboratory 
specially fitted out for this purpose ; the plant in 
it has been presented by Messrs. Canning, Ltd., the 
Birmingham manufacturers of electroplating equip- 
ment. Facilities are available for electroplating 
copper, zine, tin, cadmium and nickel. The experi- 
mental heat-treatment laboratory is equipped with 
fully instrumented electric furnaces for general heat 
treatment, and high-temperature heat treatment 
under various types of protective atmosphere. 

The laboratories contain a number of machine 
tools and a shot-peening unit which automatically 
rotates the object under treatment while at the same 
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time traversing it with the shot stream. It is being 
used in a fundamental study of the effects of shot- 
peening and optimization of it, together with an 
assessment of possible methods of measuring intensity. 

The first floor is devoted to light laboratories (con- 
taining small static testing machines, general scientific 
instruments and equipment), administrative offices, 
and a conference room. The materials testing labora- 
tory contains machines for determining macro- 
hardness, tensile and torsional properties of wires 
and load-deflexion characteristics of small springs. 
Metallographic facilities are provided in specially 


CHEMISTRY OF 


MEETING was recently held in Paris (June 
A 8-12) under the auspices of the Combustion and 
Propulsion Panel of the Advisory Group for Acro- 
nautical Research and Development, with “Chemistry 
of Propellants” as the main topic. It was felt that 
such a meeting could contribute to a useful exchange 
of research information and discussion of current 
problems among North Atlantic Treaty Organization 
countries. Its importance can be judged by the 
attendance of nearly two hundred observers from 
eleven countries, nominated through their Advisory 
Group for Aeronautical Research and Development 
national delegates. 

The meeting was opened by Dr. von Karman, who 
was supported by Dr. Seitz, the science adviser to 
the North Atlantic Council, and his recent predecessor, 
Dr. N. F. Ramsey. Later in the week Dr. G. B. 
Kistiakowsky, the new scientific adviser to the 
President of the United States, attended and took 
part in the proceedings. These could be classified 
under three main headings, namely, propellants or 
associated features for liquid rockets, solid rockets 
and air-breathing engines, and the papers presented 
covered reviews of existing knowledge, reports of 
recent work and assessments of future problems. 

The first technical session was introduced by a 
paper by 8. Greenfield (United States), who reported 
on an experimental evaluation of liquid-propellant 
data. This was based on a research programme to 
compare differences in behaviour of various hydro- 
carbon fuels when burned with liquid oxygen. The 
fuels were pure samples of each of the chemical types 
such as paraffins, aromatics and olefins together with 
a reference fuel specified as JP—5. The main results 
covered liquid film heat transfer coefficients and their 
variation with heat flux and combustion stability, 
specific impulse variations with mixture ratio, and 
effect of aromatics on available energy in fuel-rich 
gases suitable for turbo-pump operation. An interest - 
ing feature of this work was the precise measurements 
achieved and the important influence of combustion 
chamber length (or L*) on performance. ‘The con- 
clusion was drawn that naphthenics are beneficial 
in a mixed fuel, but normal paraffins are of doubtful 
value. 

This paper was, to some extent, complementary to 
another by R. J. Thompson (United States) covering 
theoretical performance evaluation. This work was 
carried out on an electronic data-processing machine 
and presented a vast tabulation of thermodynamic 
functions and propellant parameters which were 


discussed and illustrated. The main propellant com- 
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fitted rooms for rough sample preparation, fine 
polishing and etching, microscopical examination and 
photography. The microscope room contains a high- 
powered binocular bench microscope, projection 
microscope and micro-hardness testing equipment. 

The Organisation is studying spring materials 
for elevated temperature applications, in particular 
the stress-temperature relaxation properties of springs 
made from a very wide range of alloys. A battery 
of spring creep testing machines is installed which will 
enable the behaviour of springs to be determined 
up to 850°C. 


PROPELLANTS 


bination discussed was liquid oxygen and kerosene, 
although data on fluorine-liquid hydrogen were also 
used to illustrate the calculations. Additionally, 
thermodynamic properties as functions of tempera- 
ture for eleven of the more important elementary 
monatomic gases were given. It is certain that these 
two papers will be of great use in future studies of 
propellants. 

The next paper in this group was by D. L. Arm- 
strong (United States) and reviewed the characteris- 
tics of liquid propellants desired and achieved in 
rocket engines. The important physical properties 
included vapour pressure, density, viscosity, specific 
heat, boiling and freezing points, and other features 
which were tabulated and discussed. Chemical pro- 
perties were also enumerated and mention was made 
of reactivity, self-ignition, combustion kinetics, 
stability and corrosion. The author also gave some 
indication of performance, manufacturing processes 
and suggested propellants for various missions, but 
much more detailed and relevant papers on these 
aspects were presented by W. G. Parker and G. Rus- 
ton (Great Britain) on the merits of utilizing high 
energy propellants, and 8. H. Dole and M. A. Margolis 
(United States) on the sources, availability and 
estimated cost of propellants. The former took a 
slightly unusual line in dismissing the majority of the 
exotic propellants from consideration, first, because 
of the unfavourable properties such as extreme 
reactivity and toxicity, and secondly, because the 
advantages of higher specific impulse become less 
marked beyond values of about 320 see. Their con 
clusions were that liquid hydrogen was worth develop 
ing because of its probable use in nuclear rockets. 
but it should be in combination with nitric acid or 
hydrogen peroxide rather than liquid oxygen. The 
accidental combination of hydrogen and oxygen liquid 
or vapour could be too great a hazard to risk. The 
paper on costs pointed out that prices of many pro 
pellants would be significantly altered if production 
demands increased, but even allowing for this, it was 
clear that the eryogenics would give a better perform 
ance than the storable liquids for a given cost. Costs 
should, however, include the overall system cost. 
and some curves were given showing flight vehicle 
cost against total impulse required for solid propellant, 
storable and cryogenic. At the higher values of total 
impulse, the cost of using these propellants was in 
descending order. This was strongly challenged by 
protagonists of solid propellants during the discussion. 

The papers on solid propellants were given by 
R. Steinberger (United States) on the properties of 
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double-base forms with a corresponding one by 
?. Tavernier and J. Boisson (France) on composite 
forms and one on burning rate control by G. H. Young 
(jreat Britain). All these appeared to suffer from the 
limitations imposed by ‘security’, but the first two 
ave useful accounts of the standard materials and 
processes in manufacture. It was interesting to com- 
pare these and from this point of view they were 
in informative contribution. Steinberger, however, 


included a good deal more on the life expectancy of 


double-base propellants. This is not surprising in view 
of the much longer experience of them which exists. 
lhe paper by Young covered some of the same ground 
and, rather than a discussion of burning rate control, 
was limited to deseriptions of methods of measuring 
hurning rate and the range of burning rates achieved. 
The difficulties imposed on this author by the classified 
nature of his subject were obvious and it was generally 

reed that it could only receive suitable treatment 
at a closed session. 

The papers on air-burning fuels included one on 
preparation of ramjet fuels by 
Frangais (France), one on per- 
formance evaluation by KE. Perchonok (United 
States), one on deposits in jet engines by R. Breit- 

ieser (United States) and a final one on physico- 
chemical reactions during nozzle flow by J. F. 
Morris (United States). The first two covered the 
inain features found necessary in the special con- 
ditions of ramjet operation and collected much data 
vhich will be useful for future reference. Both papers 

velt. on the use of solid fuels in slurry form and the 
attractions of boron hydrides and other compounds, 
it the American paper emp'iasized some additional 


properties and 
\l 


JZarrere and G. 


msiderations if ramjets are (9 be operated at hyper- 
mie speeds. For example, the need for regenerative 
cooling of engine walls will limit the use of JP?—4 fuel 
» speeds of M —6. The high gas temperatures result- 
ing from these speeds also have an important effect 
dissociation conditions and thrust available. 
With frozen gas exit flow, the thrust may be reduced 
much as 58 per cent at J/—8, compared with 
equilibrium flow. This, problem was treated by 
Morris, who reviewed the background of relaxation 
rate-theory and discussed the gaps in knowledge 
vhich will enable predictions of non-equilibrium 
flow of both internal and external gas for hypersonic 
vehicles. The long list of references appended to this 
paper calls for special mention as it extends to more 
than four hundred. The other paper in this group 
emphasized the problems of solid deposits in engines 


or 
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and pointed out that these became more serious with 
some of the high-energy fuels now being considered. 
Boric oxide is one combustion product which may 
form on engine surfaces in large quantities. Some 
measurements on  convergent—divergent 
showed losses in total stream momentum of more 
than 5 per cent within 20 sec. of initiating com- 
bustion. Other sensitive components are turbine 
stator blades and Two 
mechanisms of deposition were discussed, consisting 
of diffusion of particles less than $y diameter, and 
of impact by particles of 5y and larger. The former 
was analysed theoretically and compared with 
measured deposition rates. Although good agree- 
ment was claimed, this analysis received 
criticism during the discussion. 

In addition to the papers, a round table discussion 
on basic problems in propulsion was held with Dr. 
von Karman in the chair. The discussion was initiated 
by A. D. Baxter (Great Britain), who summarized the 
merits of liquid propellant rocket: engines and out- 
lined some of the remaining lines which require 
research. These included physical problems such as 
heat transfer and combustion chamber design para- 
meters, and chemical problems associated with pro- 
pellant stability, ignition delays and reaction rates. 
H. W. Ritchey (United States) then presented a 
similar case for solid propellants and was followed 
by three speakers giving views on futuristic possibi- 
lities. G. B. Kistiakowsky (United States) spoke on 
solid propellant horizons, J. W. Bond (United States) 
on electromagnetic and nuclear thermal propulsion, 
and A. Ferri (United States) on composite launchers. 
The last was a stimulating argument in favour of air 
breathing engftnes as the first stage in multi-stage 
rocket vehicles. One of the advantages would be 
the ability to fit aerodynamic lifting surfaces and fly 
the launcher back to the take-off point. The dis- 
cussion was so successful that it was continued at the 
final session of the meeting, ranging over a broad 
field. Points brought out were the convergence of 
design features in solid- and liquid-propellant engines, 
the question as to how vital improved specific impulse 
was, the problems of size in rockets and the future 
of nuclear rockets. 

This discussion was a fitting climax to a successful 
meeting and no doubt, when the edited proceedings 
are published, they will be found to provide a valuable 
addition to the literature, not only because of the data 
included, but equally because of the excellent biblio- 
graphies attached to most papers. A.D. BAXTER 


nozzles 


combustion chambers. 


some 


CLAY MINERALS 


FIXWO series of meetings on clay minerals were 
held in Yorkshire during April. The first, at 
Sheffield, was arranged by the Clay Minerals Group 
of the Mineralogical Society. Two sessions on April 15, 
in the Metallurgy Department of the University, were 
devoted to the reading of scientific papers, while on 
\pril 16 visits were made to the works of Thomas 
Marshall at Loxley and General Refractories at 
Wharncliffe. The chair at the scientific sessions was 
occupied by Dr. A. F. Hallimond (London), chair- 
man of the Group, in the morning, and by Prof. J. 
White (Sheffield) in the afternoon. 
Several papers concerned the industrial application 
clay mineralogy. In the first of these, E. H. 


Steger (London) discussed various problems in civil 
engineering in which clays are implicated, and dealt 
particularly with soil stabilization by injection of a 
suitable clay suspension into sands, etc. The factors 
necessary to give good results are broadly known, 
but much work on fundamental aspects is still re- 
quired. In the discussion, the difficulty of replicating 
laboratory findings in the field was widely referred to. 

Divergent views upon the relationship between the 
mineralogical constitution and the firing properties of 
clays were expressed by Prof. G. W. Brindley and 
S. Udagawa (Pennsylvania) and by Dr. R. W. Nurse 
(Watford). The former described how, by ‘synthe- 
sizing’ clays from mixtures of appropriate pure 
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minerals over a range of compositions, it is possible 
to make some forecasts regarding the behaviour of 
natural clays from a rapid check of their mineralogical 
composition. This technique enables immediate 
rejection of completely unsuitable clays, but those 
which appear of possible use still have to be tested 
individually. Dr. Nurse, on the other hand, could 
find no correlation between firing properties and 
mineralogical composition for a series of clays of 
various geological ages. 

The use of thermal expansion measurements in 
indicating the mineralogy of clays! was considered 
by D. A. Holdridge (Stoke-on-Trent), who showed its 
application in quartz determinations. The significance 
of the same test after firing was also discussed. 

Dr. R. F. Youell (Leeds) described how X-ray data 
on heat-treated which he had obtained 
earlier, were explicable on the basis of silicon- 
containing spinel structures?. He particularly referred 
to the composition of the spinel phases and the 


silicates, 


occurrence of ordered transformations. In discussion, 
the propricty of using the term ‘silicate’ for a silicon- 
containing spinel was questioned and the frequency 
of occurrence of ordered transformations was stressed. 

Three general papers were also read. In the first 
B. D. Mitchell and Dr. R. C. Mackenzie (Aberdeen) 
described a relatively inexpensive controlled-atmo- 
sphere differential thermal analysis apparatus and 
illustrated its applicability to investigations — in 
nitrogen, oxygen and steam, while in the other two 
Dr. H. G. Midgley (Watford)—this paper was read 
in his absence by Dr. R. W. Nurse and W. Windle 
and KE. K. Cundy (St. Austell) deseribed occurrences 
of sepiolite and zinnwaldite, respectively, in Cornwall ; 
chemical, X-ray and other data were given. 

This meeting not only brought to notice relatively 
new uses of clays in industry (such as their use in 
soil stabilization) but also raised the practical question 
of the value of mineralogical analysis in assessing 
clays. Difficulties encountered in relating the 
mineralogy of a clay to its firing properties could, 
for example, be due either to incomplete mineralogical 
data or to effects being not truly additive: the 
observations reported rather suggest the latter. 

The Sheffield meeting was followed by one at Leeds 
during April 17-18 arranged by the X-ray analysis 
Group of the Institute of Physics. This meeting 
included a session on clay minerals as well as one on 
only the former is reported here. 

No outstanding advance in structural investigations 
of the common natural clay minerals was forthcoming 


biological fibres : 


THE COUNCIL FOR SCIENTIFIC 


FEURHE second report of the Council for Scientific 

| and Industrial Research covers the year 1958 
in which the Department’s gross expenditure was 
£9,453,652, compared with £8,255,561 in the previous 
vear, and reduced to £8,357,913 by various receipts 
(£464,713 being from the National Physical Labora- 
tory) for work done for Government departments or 
for industry, the net increase on 1957 being £1,108,070. 
Grants to students amounted to £444,958, the number 
of students in training being 1,681 and in 1957, 1,301, 
of whom 781 in 1958 and 653 in 1957 were new. The 
advanced course studentships increased from 152 in 
1957 to 201, of which 184 were new, and of 26 research 
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at the meeting. Prof. G. W. Brindley, in an intro 
ductory address, pointed to the value of electron 
diffraction techniques in such investigations. He was 
able to report a very promising approach to the 
problem of thermal changes in kaolinite by his 
collaborator, M. Nakahira, using small single crystals. 
This work suggests that the ‘spinel’ phase, is really 
a silica-alumina crystallization structurally similar 
to spinel*, and appears to have. furnished clear evi- 
dence that the much-discussed metakaolin is not 
amorphous, but is an intermediate stage in- the 
formation of spinel, having a substantial degree of 
crystallinity. 

The dehydration products of kaolinite were also 
discussed by F. Vaughan (Stoke-on-Trent). D. A. 
Holdridge showed the possibilities of thermal ex 
pansion measurements for studying phase changes on 
firing. Quartz content, notably, can be estimated 
by this means. 

Interesting structural studies on searbroite were 
reported by Dr. J. Goodyear and Dr. W. J. Duffin 
(Sheffield) and on iddingsite by G. Brown and Dr. 
I. Stephen (Harpenden). H. P. Rooksby (Wembley) 
reported on further detailed work on iron and 
aluminium oxides. 

The question of surface structure in clays is one 
of fundamental importance, about which there is still 
much uncertainty. An extensive, many-sided 
approach to this problem is being made by Prof. 
J.J. Fripiat and collaborators in Belgium under the 
auspices of Institut National pour Etudes Agron- 
omiques du Congo Belge. Among the techniques 
under study are measurement of surface hydroxy! 
groups by exchange with heavy water vapour, and 
methylation and acetylation for determining acidic 
groups. 

Dr. D. M. C. MacEwan (Dundee) reported on an 
extonsive series of calculations on diffraction effects 
from mixed-layer structures, now being carried out 
with electronic calculators. The resulting curves will 
be published as a special monograph by the Spanish 
Consejo Superior de Investigaciones Cientificas. 

Study of a German ‘fireclay mineral’ by Prof. 
A. L. Roberts and Dr. W. FE. Worrall (Leeds) pro 
vided further support for Schofield’s theory of the 
existence of isomorphous substitution in kaolins. 

R. C. MACKENZIE 
D. M. C. MacEwan 
ef. Brough, J., and Robertson, R. H. S., Clay. Min. Bull., 3, 22 

(1958). 

* Steadman, R.,and Youell, R. F., Nature, 180, 1066 (1957). 

(i. W., and Nakahira, M., Nature, 181, 1333 (1958). 


Brindley 


AND INDUSTRIAL RESEARCH 


fellowships (18 in 1957), 14 were new. Grants fo: 
special researches totalled £475,754, numbering 23! 
compared with £363,884 and 193 in 1957, and of thes: 
147 were new. Of those grants 106 were in physics 
45 in chemistry, 32 in biology and biochemistry 
24 in other engineering, 11 in geology, 7 in mathematics 
6 in chemical engineering and metallurgy, and 3 i 
electrical engineering. Chemistry claimed 593 o! 
research students, physics 360, biology and_ bio 
chemistry 208, mathematics 144, chemical engineer 
ing and metallurgy 110, other engineering 100 
geology 99, electrical engineering 50, and humai 
sciences 17. 
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iixpenditure on the National Chemical Laboratory 
decreased slightly, from £160,404 in 1957 to £155,010, 
and there were also slight decreases in expenditure 
on fuel research (£330,502—£326,899) and fire research 
(£38,745-£37,174) ; but with these exceptions expen- 
diture increased on all branches of the Department’s 
work, the biggest increases being in road research 
(£560,813 compared with £441,762 in 1957), the 
National Physical Laboratory (£737,958 compared 
with £638,031), headquarters administration (£377,905 
compared with £307,436), mechanical engineering 
research (£507,104 compared with £454,810) and the 
Geological Survey and Museum (£328,329 compared 
with £282,370). Expenditure for other sections in 
1958 was as follows, the 1957 figures being given in 
brackets : building research, £541,371 (£521,065) ; 
forest products research, £135,645 (£128,256) ; hyd- 
raulics research, £100,650 (£91,967) ; pest infestation, 
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£89,369 (£83,341) ; radio research, £159,398 
(£135,657) ; and water pollution research, £103,882 
(£90,020). Besides the National Physical Laboratory, 
considerable payments for work done for other 
Government departments and industry were received 
in respect of fire research (£143,330), the National 
Chemical Laboratory (£104,715), the Geological 
Survoy and Museum (£97,527), road research (£59,182), 
hydraulics research (£44,710), building research 
(£33,879) and mechanical engineering 
Contributions to European nuclear research increased 
from £930,000 to £1,100,000, and of the grants for 
special researches authorized during the 
October 1, 1957, to September 30, 1958, by far the 
largest is the £355,000 over four years from January 1, 
1958, to Prof. C. C. Butler of the Imperial College 
of Science and Technology for the construction of a 


research. 


sSeSSION 


large liquid-hydrogen bubble chamber. 


ROTHAMSTED EXPERIMENTAL STATION 
REPORT FOR 1958 


fb report of the Rothamsted Experimental 
Station for 1958* is a book of 283 pages con- 
taining accounts of the work of some twenty separate 
departments. It follows the pattern of previous years 
in that it is introduced by a general report by the 
Director in which the more interesting departmontal 
results are commented upon. This is particularly 
valuable in that it enables the reader to appreciate 
something of the scope and cohesion of the Rotham- 
ted work, and those who frame the Station policy 
are to be commended on the blend of scionce and 
practice that characterizes the research programmes. 
Their reward is the use made of their results in the 
practical world of farming in Britain and overseas. 
The Chemistry Department has studied the action 
of organic matter in the soil, and popular conceptions 
of this may have to be somewhat modified in that in 
heavy soil, as at Rothamsted, its beneficial action 
appears to be derived solely from its nutrient content 
and no measurable effect from physical sources was 
found. By contrast, in lighter soils organic matter 
is apparently necessary to maintain structure. Work 
has continued on the main plant nutrients in soil and, 
in particular, attempts are boing made to evolve a more 
awecurate method of assessing available phosphate. 
Soil analysts would welcome progress in this matter. 
The Physics Department has studied the electrical 
charges on clay, soil aeration, soil water, and the 
elfect of crop rotation on soil structure. This last 
experiment showed that using beet and carrots as 
the test erops, the effect from modification of struc- 
ture due to rotation was largely confined to the 
period during, and immediately following, seed 
rmination. This again may surprise practical 
Studies in agricultural meteorology have 
continued and progress has been made with the 
inalysis of temperature, humidity and ventilation 
data in spring wheat collected during the three 
mmers 1955-57. A detailed survey is promised in 
« later report. The mineralogical studies of the 
ldology Department have been continued on native 
and foreign soils, and the results, as they accumulate, 
thay well lead to a sounder basis for soil classification. 


fTrowers. 


* Rothamsted Experimental Station. Report for 1958. Pp. 283. 


(Harpenden: Rothamsted Experimental Station, 1959.) 10s, 





Microbiological investigations have dealt with the 
decomposition of cellulose and some of the newer 
chemicals used in agriculture. Many of these have 
proved to be subject to attack and therefore will be 
removed from the soil in time, a point of considerable 
practical importance. Aspects of nodule formation 
on legumes have also received attention. Although 
it has long been known that nitrate at the concen- 
trations usually employed ino nutritional work will 
depress nodulation, it was found that as little as 
2-5 p.p.m. of nitrate nitrogen would delay nodulation 
of white clover by two days. A similar effect was 
given by nitrite but not by ammonium salts, aspar- 
agine, or urea, all of which aro assimilated by the 
host plant at about the same rate. 

The Botany Department at Rothamsted has been 
interested for some time in the development and use 
of methods of growth analysis and these are now 
producing information on various aspects of crop 
growth. Gibberellic acid was found to increase the 
vield of potatoes in the year under review. This 
effect was only observed when nitrogen was high, and 
spraying actually reduced yields when this element 
was low. Additional data suggest that the effective- 
ness of gibberellic acid depends also upon the time 
and frequency of application. Weed studies reported 
upon include an evaluation of competition effects 
between crop and weed plants and the possible 
excretion of toxic substances by 
No evidence of this was found in living material ; the 
leachate from water cultures of this grass, in fact, 
actually increased the dry weight and leaf area of 


Agropyron repens. 


tomato and kale plants. 

The blackening of potatoes on boiling was the 
subject of a biochemical study that supported the 
belief that this discoloration is due to a complex of 
ferric iron and dihydroxy-phenols. Boiling is believed 
to liberate ferrous iron, which combines with the 
dihydroxy-phenols in the potato to give relatively 
colourless ferrous complexes which blacken when 
oxidized in the air to ferric complexes. Other work 
in this Department concerned mitochondria, the 
enzymic breakdown of chlorophyll in plant tissues 
and the properties, particularly tho infectivity, of 
tobacco mosaic virus fragments. 
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Research in plant pathology covers a wide field. 
Progress has been made in devising staining methods 
for preparations of plant viruses for electron micro- 
scopy at high resolution. This is new work, but 
enough progress has been made to encourage the 
hope that the methods will contribute usefully to 
the further elucidation of particle structure. The 
increasing importance of cereal viruses in agriculture 
adds to their interest, and useful information on 
infectivity and host ranges has been obtained. 
Experiments on initial field establishment of potato 
blight (Phytophthora infestans) have shown that this 
may occur without the normal stem-infecting stage. 
It is likely, however, that infection from contaminated 
soil can only occur in a wet season such as 1958. 
Trials on the susceptibility to wilt (Fusarium oxy- 
sporum f. pist) of pea varieties commonly grown in 
Britain have shown that resistance exists, but the 


parasite itself is so variable that the breeding of 


resistant varieties will not be easy. 

The Nematology Department has conducted studies 
on the changes in eelworm populations under different 
rotations and individual crops. These together with 
concurrent observations on the movement of ecl- 
worms in soil and over plants should interest those 
concerned with the control of these pests in the field. 
Frit flies, gall midges, wheat bulb fly, slugs and 
earthworms are included in the wide range of animals 
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studied by the Entomology Department. A short 
section deals with the ecology of the natural enemies 
of aphids. 
improved methods of assay, has learned more of 
the nature and function of ‘queen substance’ pro- 
duced in the mandibular glands of queen honey bees. 
It has been shown that ‘queen substance’ contains 
an inhibitor which, when fed to queen honey bees, 
can prevent them from queen rearing and which can 
also inhibit ovary development in queenless worker 
honey bees. 

As a result of the disastrous epidemic of virus 
vellows of sugar beet in 1957, the staff of the Dunholme 
Field Station organized a survey of crops and issued 
spray warnings when needed. As a result, 100,000 
acres were sprayed with very satisfactory results when 
compared with unsprayed areas in September. The 
value of spraying against aphids to check the spread 
of virus yellows is now firmly established. 

This account has necessarily omitted much worth, 
of mention, but it is impossible, in a short review, to 
do justice to all the work described in this report and 
the selection of items for particular mention here is 
obviously open to criticism. The extremely useful 
list of publications for the year 1958, each with an 
abstract of the contents, with which the report closes, 
is a fitting indication of the value of Rothamsted to 
biology and agriculture alike. J. H. WESTERN 


AUSTRALIAN DEFENCE STANDARDS LABORATORIES 
REPORT, 1957 


| Bee main sections of the annual report of the 
Australian Defence Standards Laboratories for 
the year ended June 30, 1957 (Pp. iv+60.  Mari- 
byrnong, Victoria : Defence Standards Laboratories, 
Department of Supply, 1959), are devoted to a 
statement of the functions of, and scope of work 
undertaken by, the Laboratories and descriptions of 
some of the more important projects and investiga- 
tions carried out by the Divisions of Chemistry, 
Metallurgy and Physics. 

In the Metallurgy Division work has continued 
on the production and investigation of chromium- 
base high-temperature alloys. The ultimate aim is 
to develop alloys suitable for use in gas turbines 
operating at rotor blade temperatures of 950°C. or 
higher. The plant for the production of pure chromium 
has operated satisfactorily and a total of 475 lb. of 
metal was produced during the year. It has been 
shown that ductile chromium can be made from 
suitably pure electrolytic chromium. Investigations 
included experiments on the tensile properties of 
annealed chromium, the influence of pre-strain on 
ductility, precipitation hardening effects and creep 
behaviour. A fractographic study, augmented by 
X-ray diffraction tests, was made of the cleavage 
surfaces in cast chromium. In addition, work has 
been done on titanium alloys ; cathodic protection of 
ships and naval structures; and the mechanism of 
polishing and the nature of mechanically polished 
metal surfaces. 

The activities of the Physics Division are discussed 
under the headings of chemical physics; _ radio- 
logical physics ; the development and testing of elec- 
trical and electronic components for use by the armed 
services ; and metrology. The study by the micro- 





wave interferometric technique of the propagation 
of detonation has been most fruitful. Radiation 
alarm systems and other safeguards against the 
mishandling of radioactive sources have been de- 
veloped and work has continued on the determination 
of the energy and angular distributions of the radia- 
tion intensity in air at various distances from a point 
radioactive source. Facilities for the precise calibra- 
tion of end standards of length have been improved, 
and standardizations of lengths up to 40 in. 
based on the wave-length of light can now be 
made. A technique has been developed for determ- 
ining the mean diameters of capillary tubes by 
the mercury content method to an accuracy of 
0-00004 in. 

The Chemistry Division has been active in a variety 
of fields, including the determination of gases in 
metals and alloys ; the microdetermination of silicon ; 
infra-red spectroscopy ; adsorption; and organic 
and polymer chemistry. 

The annual report lists the various personnel of 
the Laboratories and their status, and gives details 
of the publications by members of the staff during 
the year under review. Papers were presented by 
members of the staff to the thirty-second meeting 
of the Australian and New Zealand Association for 
the Advancement of Science held at Dunedin during 
January 1957 and to the Institute of Physics 
Conference on Contemporary Optics in Sydney during 
September 1956. Noteworthy visitors to the Labora- 
tories during the year were Sir Owen Wansbrough- 
Jones, chief scientist of the British Ministry of 
Supply, and Sir Leslie Martin, chairman of the 
Australian Defence Research and Development 
Policy Committee. 


The Bee Department, as a result of 
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THE IMPERIAL CANCER RESEARCH FUND 


rY HE fifty-sixth annual report of the Imperial 
| Cancer Research Fund*, for 1957—58, describes 
the lines of investigation in progress in the labora- 
tories at Mill Hill and Lincoln’s Inn Fields. They 
can be sub-divided as follows : 

(1) Tumours induced by viruses. 

Work continues on the virus xtiology of cancer 
by studying the mechanism whereby the virus gains 
access to the cell it infects, the virus’s mode of 
replication and its specificity. Attempts are being 
made to grow the mouse leukwmia-inducing virus 
in tissue cultures of embryo fibroblasts, and by 
reciprocal transplantation experiments to find 
“whether the cellular elements in such transplants 
survive or whether virus is liberated to produce a 
new tumour by infection of the host’s own cells’. 

2) Tissue culture studies of tumour cells. 

The reaction of tumour cells to environmental 
changes is being studied by observing the effect of 
variation in the tension of carbon dioxide on cells 
of the mouse sarcoma 37. 

“The activities of individual cells in culture of the 
various mouse tumours are being examined by time- 
lapse cinematography. BP/8C and BAS/56 ascites 
tumour cells show ‘tails’ which may attach to the 
glass and which have great tensile strength and 
elasticity. The undulating surface membranes of 
these cells show very active pinocytosis and unusually 
large volumes of culture medium may be injected 
in this way.” 

(3) Preservation of tumours in the frozen state. 

“The frozen tumour bank preserves tumours in an 
unaltered genetic state and these can therefore be 
used to check the respective inbred strains of mice 
for any genetic divergence which affects histo- 
compatibility. In this way it has been shown, with 
a strain A specific tumour, not only that AG mice 
are genetically distinct from true A but that the 
genetic change occurred prior to 1952.” 

t) Heterotransplantation of human tumours. 

Human sarcoma tissue is being maintained by 
subcutaneous, intramuscular or intraperitoneal trans- 

*Imperial Cancer Research Fund.  Fifty-sixth Annual Report, 
1937-1958. Pp. 39. (London: Imperial Cancer Research Fund, 1959.) 


BEHAVIOUR OF 


\ ANY of the habits of sea urchins were observed 
I by A. N. Sinclair, during day and night diving 
in the waters around Sydney with members of the 
Underwater Research Group of New South Wales. 
An aqualung and a waterproof torch were used 
(Austral. Mus. Mag., 13, No. 1; March 15, 1959). 
When diving in daylight Sinclair was impressed by 
the numbers of the large, rough-spined sea urchin 
Centrostephanus rodgersii. Many of these were seen 
in hollows carved in the sandstone rocks, and often 
the hollows were deep enough to contain the whole 
urchin, but were never as deep, comparatively, as 
the sharply etched hollows carved by the smailer 
urchins, Heliocidaris erythrogramma. Other urchins 


appeared to be motionless, with the spines sticking 


plantation in cortisone-treated hamsters, subcu- 
taneously in cortisone-treated mice and in _ the 
anterior chamber of the eye in normal guinea pigs. 
The attempts to grow human lung cancer in guinea 
pig anterior chamber or in organ cultures were 
unsuccessful, but 25 per cent of human embryonic 
lung tissue grafts survived 22-49 days in mice 
treated with cortisone. 

Other human embryonic tissues such as bone and 
bowel, some human adult tissue, for example, skin 
and transitional epithelium, and human prostatic 
carcinoma and adult rodent lung and prostate have 
all been maintained in fluid media. ‘Organ cultures 
of mouse prostate have been employed to study 
the direct action of cestrogens and androgens on 
glands from mice of different ages. The cestrogens 
produced epithelial atrophy and_ testosterone a 
stimulation.” 

(5) Hormone-dependent breast cancer. 

About 50 per cent of human breast cancers cease to 
proliferate if they are totally deprived of the hormones 
which control cell multiplication in the normal breast. 
At present the operative technique of cutting off 
the supply of hormones is by the surgical removal 
of the ovaries, both adrenals and the pituitary. 
This somewhat drastic treatment may give spec- 
tacular growth regression and clinical improve- 
ment, but unfortunately these have proved to be 
temporary. 

(6) A pregnancy-dependent mouse tumour. 

The spontaneous mammary tumour BR6 has the 
peculiarity of always first appearing during pregnancy 
and mostly regressing after parturition. The tumour 
incidence is very high (in excess of 97 per cent in 
more than 400 mice that lived longer than six months. 
had more than two litters, and where the mothers had 
developed tumours). Under certain conditions some 
females not only remain tumour-free but give rise 
to tumour-free sub-lines which ‘ appear from 
transplantation experiments, to be genetically dif- 
ferent from the tumour-prone line and one aspect of 
this genetic difference may be a greater androgen 
production by the males of the tumour-prone lines”’. 

I. HIEGER 


SEA URCHINS 


out at right angles to the body surface in a typical 
‘hedgehog’, or defence, position. 

It was found that after darkness set in the urchins 
became active. Within an hour or two of sunset, 
numbers of Centrostephanus were seen ‘out walking’ 
on the rocks, but they did not seem to favour 
walking on the sand. The spines at such times were 
generally arranged in groups or cones. If a torch was 
shone on the urchin for a short time no reaction to 
the light could be observed, but if the urchin was 
touched it immediately assumed the ‘hedgehog’ 
position seen in daylight. 

Results of marking specimens of C. rodgersii in 
Clovelly Bay, Sydney, had shown that the urchins 
moved up to 3 or 4 ft. from their rock holes within 
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two hours of sunset and returned to their own holes 
by the next morning, though often each was lying 
turned round from its original position. 

During daylight it was common to see vacant rock 
holes, which, by the absence of weed growth, appeared 
to have been recently vacated. Usually, however, 
these holes were again occupied within a week, but 
tagging techniques had been inadequate to reveal 
whether the occupants were the original ones or new- 
comers. 

Unlike most of the finer-spined urchins, the slate 
pencil urchin, Phyllasanthus parvispinus, appeared 
not to live in holes, preferring crevices between rocks. 
In more than 200 sightings of these urchins, only one 
had been seen in a spherical rock hole. Most were 
in crevices, during daylight, but were so securely 
wedged in that they could only be moved by breaking 
spines. Other haunts of the slate pencil urchin were 
on the floor of forests of weed or kelp. Like C. 
rodgersii these urchins seemed to prefer deeper water 
and were more of water. 
Although each slate pencil urchin did not have its 
own particular rock hole, it returned to a particular 
locality. 

The slate pencil urchins went out ‘walking’ at 
night, often covering 1 ft. in 20 min., and were seen 
attacking whelks bigger than themselves. 

The commonest urchin at shallow levels within 
about 6 ft. of the surface was Heliocidaris erythro- 
gramma. This was the dominant species, and prac- 
tically the only urchin present in the intertidal zone. 
It lived in crevices and holes in the rock, which 
could be almost honeycombed. It appeared to dig 


numerous in 20-30 ft. 


JOURNAL OF APPLIED 


rT HE study of polymeric systems originated largely 

| from technological considerations, but has now 
grown into a scientific subject in its own right, with 
its own techniques and outlook. This change has 
occurred in a very short time, and its rate of growth 
can be illustrated by the increasing size of the 
Journal of Polymer Science, which attracts contribu- 
tions from both chemists and physicists interested in 
the preparation and properties of these interesting 
materials. From the original Polymer Bulletin, 
published in 1945 with 158 pages, it has progressed 
stepwise: 1946-50, 598 to 800 pages; 1951-54, 
1460 to 1,864 pages; 1955-57, 2,432 to 2,420 pages ; 
1958, 4,256 pages. This seven-fold increase in thirteen 
vears shows no sign of slowing down, and the pub- 
lishers have therefore decided, as a transition measure, 
to split the journal, the original journal to continue, 
but in addition to publish the Journal of Applied 
Polymer Science*. The latter is intended to deal with 
the properties of industrially significant materials, 
leaving articles of a definitely basic character to the 
original Journal. 

It is difficult to see how this distinction can be 
maintained. The first number of the Journal 
includes papers on such basic matters as thermal 
and transition temperatures, impact 


* Journal of Applied Polymer Science, Vol. 1, No. 1, January- 
February, 1959. Pp. 127. Published bi-monthly, covering two volumes 
annually. Subscription price, 17.50 dollars per volume. (New York 
and London: Interscience Publishers, Inc., 1959.) 
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holes much deeper in relation to its size than any 
other species. This urchin appeared in many colours: 
greens, reds, browns and purples; a new one being 
revealed at almost every dive. The spines were 
smooth and relatively short. One of the most inter- 
esting combinations of spine shape and colour in this 
urchin was in the blue or mauve specimens. 

Tripneustes gratilla, a wanderer from tropic seas, 
apparently had the distinctive habit of being uncon- 
cerned with the need for shelter. It was usually 
found on the walls of caves or in the open many 
yards from the nearest shelter. It was a large-bodied 
urchin with very short white spines tipped red or 
mauve. The rounded body had a plain darkish 
colour, or was white with five darker major bands 
and five secondary bands. Some of these urchins 
carried small pieces of shell or weed, presumably for 
sheltering from tho light. J. gratilla was usually 
seen at depths of 10 ft. or more. 

Most of the useful observations made by diving 
were of an ecological, rather than a systematic, 
nature, and an observation ledge had been carefully 
watched at frequent intervals during the past seven 
months ; however, other observation points will be 
established after a twelve months period has been 
completed. A handicap to observation was that 
many local residents had developed a taste for eating 
sea urchins and the colony risked extinction. 

In summer the colony comprised: twenty C. 
one H. tuberculata; and one P. parvi- 
spinus. By early July the numbers of C. rodgersii 
had fallen to fourteen, and later in the month had 
been reduced to ten. 


rodgersii : 


POLYMER SCIENCE 


strength and spherulite growth, and anisotropic 
properties of strained visco-elastic fluids. Perhaps 
a better grouping of subject-matter would be 


preparative techniques ; physical properties; char- 
acterization and constants, and applications. 

The present tendency for publication of specialist 
journals, as distinct from the journals of learned 
societies of wider scope, must be taken as an inevit- 
able consequence of increased specialization. Although 
it may facilitate the task of the scientist wishing to 
keep together papers on his own research subject, 
it has made it almost impossible for him to pay for 
the subscriptions. The stage has been reached where 
even the smaller scientific libraries cannot hope to 
purchase more than a small fraction of these specialist 
journals. This situation is likely to worsen, and the 
research man will have to visit large central libraries, 
or rely on abstracts to track down new papers of 
interest to him. Perhaps one solution is for the smaller 
libraries to pool some of their resources on a local 
basis, by arranging regular circulation through 
several laboratories. In any event one would like to 
see an extension of the system of reduced rates for 
personal copies. The increased cost cannot be blamed 
on the publisher; the cost per page has remained 
constant at 2-5 cents since 1952. The new Journal 
is somewhat larger in page size than the earlier publi- 
cation, and this has improved the presentation and 
layout. 
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MEASUREMENT OF COSMIC NOISE AT LOW FREQUENCIES 
ABOVE THE IONOSPHERE 


By J. P. |. TYAS, C. A. FRANKLIN and A. R. MOLOZZI 


Defence Research Telecommunications Establishment, Ottawa 


1 Canadian Defence Research Board, in co- 
operation with the National Aeronautics and 
Space Administration, is at present designing a 
2-15 Me./s. swept-frequency ionosphere sounder to 
be launched as an Earth satellite by a United States 
vehicle. The preliminary design objective calls for 
operation over a one-year period in an elliptical orbit 
with a perigee and apogee of 300 and 1,200 miles, 
Power will be derived from the Sun 
nickel-cadmium rechargeable 


, spectively. 
ia solar cells and 
atteries. 

System studies have shown that cosmic noise is 
ikely to be an important factor in determining the 
minimum sounding power for a satisfactory signal to 
noise ratio. Published figures for cosmic noise at 
3 Me./s. give brightness temperatures varying between 
7 10° °K.? and 120 x 10° °K.?.3. Measurements on 
the Earth’s surface, particularly at such low fre- 
quencies, inevitably involve assumptions concerning 
transnussion losses through the ionosphere, and for 
frequencies less than approximately 15 Mc./s. the 
accuracy of existing data on cosmic noise is question- 
able+®, A direct measurement of this noise using 
either a rocket or satellite is therefore indicated, and 


—b gt 


the results obtained would have the added merit of 


being of considerable interest in the field of radio 
astronomy. 

Ground-based radiometers have been described by 
several authors®.’, and design techniques appropriate 
to the ground environment are by now well estab- 
lished. By comparison, a radiometer for use in a 
sounding rocket or a satellite is severely limited in 
its dimensions, weight, and power consumption. In 
addition, it must also survive the mechanical and 
thermal shocks with a rapid ascent 
through the Earth’s atmosphere. 


associated 


It is found that the successful instrumentation of 
such a radiometer depends critically on the design of 


a suitable low-frequency aerial and reference noise 
source. The use of one or more Hertzian dipoles, on 
a space vehicle, poses a formidable aerial calibration 
problem, which becomes increasingly serious as the 
frequency is reduced. This approach was therefore 
abandoned in favour of the magnetic dipole, which is 
easier to calibrate since it is relatively unaffected by 
the proximity of the ground or other conducting 
surfaces. 

Optimum utilization of a given volume of ferrite 
has been investigated, and it is of interest to consider 
the design and efficiency of a pair of loop aerials at 
3 Me./s. using 300 gm. of ferrite. 

Two 18 em. x 3 em. 1 em. rectangular cores, 
each made up of three plates of ferrite, were space 
wound so that each winding covered 80 per cent of 
the length of its ferrite core. The calculated radiation 
resistance of each aerial was : 

4x 10° Q 
and was found to be negligibly small compared with 
the eqnivalent series resistance due to core and 
copper Josses. 


For a bandwidth of 80 ke./sec., and,with the two 
aerials connected in series, the power available at 
the input terminals of the receiver is : 

4E? x 10-16 watts 
where £ is in yV./metre. This power is 39 db. below 
that available from a matched, loss-less, half-wave 
dipole. 

Transistor receivers with equivalent input noise 
temperatures of 600° K. at 3 Me./s. have been con- 
structed, and if the brightness temperature of the 
cosmic noise is 120 x 108 °K., the signal to noise 
ratio at the receiver output will be 11 db. This 
includes an additional aerial loss of 3 db. due to the 
random polarization of the noise. 

Errors due to changes in the gain and band-width 
of the receiver are reduced by continuously switching 
the receiver input between the aerials and a reference 
noise source. At the output terminals of the receiver 
the ratio of the switched power-levels is : 

G(Py + Py) __ Py + Pw; 

ae oo 
and is independent of the receiver gain. (Py is the 
noise power from the aerials; Py, is the equivalent 
input noise power due to the receiver when connected 
to the aerials ; Py, is the input noise power due to 
the receiver and reference noise source when the 
aerials are disconnected ; and @ is the power gain of 
the receiver.) The addition of an A.G.C. loop in- 
creases the dynamic range of the receiver to approx- 
imately 50 db. and converts the output into a voltage 
suitable for telemetering to the ground. If the 
A.G.C. time constant is short compared with the 
period of rotation of the rocket or satellite, the 
existence of directional properties in the cosmic noise 
may be observed. 

The overall accuracy of the instrument depends 
largely on the stability of the reference noise-level 
and the accuracy with which the aerials can be 
calibrated on the ground. An avalanche diode is 
used as a reference noise source and its case tem- 
perature is monitored on a separate telemetry 
channel. Laboratory tests on this radiometer indicate 
an overall probable error of less than 2 db. in the 
measured cosmic noise intensity. 

Errors due to atmospheric and man-made inter- 
ference (including radiation from ground-based trans- 
mitters) will be negligible at frequencies less than the 
minimum penetration frequency of the F, layer. 
Since the radiometer will be operating in an ionized 
medium, the electron density in its immediate vicinity 
will set a lower limit to the frequency at which cosmic 
noise can be measured. In practice, this low-frequency 
cut-off will be modified by the Earth’s magnetic 
field, and may also be higher than the local plasma 
frequency if regions of incressed electron density 
exist above the radiometer. At very high altitudes 
it is possible that the Van Allen belts may play a 
significant part in filtering out the low-frequency end 
of the cosmic noise spectrum. 
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A prototype radiometer is undergoing vehicle 
acceptance tests and the final instrument is expected 
to make the first measurements of cosmic noise 
above the ionosphere at 3 Mc./s. in the near 
future. 

The sensitivity and accuracy of the radiometer 
could be improved by having a controllable noise 
source and using the receiver as a null detector, a 
technique widely used on the ground. A silicon diode 
operating in the avalanche mode generates noise, the 
level of which can be controlled by varying the direct 
flowing through the diode’. Thus, one 
semiconductor analogue of a temperature- 

diode, and radiometers of the type 
Ryle® become practicable for space 


current 
has a 
limited 
described by 
vehicles. 
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The experiment will be extended at a later date to 
observe changes in the cosmic noise-level with fre- 
quency using a swept-frequency receiver. By 
observing the wave-length at which the noise-level 
starts to increase rapidly, plasma frequencies, and 
therefore electron densities, can be deduced at 
various heights over different parts of the world 
from a satellite travelling in an elliptical orbit. 

1 National Bureau of Standards Circular No. 557 (1955). 

2 Reber, G., and Ellis, G. R., J. Geophys. Res., 61, 1, 1 (1956). 

3 Reber, G., J. Geophys. Res., 63, 109 (1958). 

* Roman, Dr. N., N.A.S.A., Washington (private communication). 

5 Getmantsev, G. G., Ginzburg, V. L., and Schklovskii, I. 8., U.F..., 
No. 2, 157 (1958). 

® Dicke, R. H., Rev. Sci. Instr., 17, 263 (1946). 

7 Ryle, M., Proc. Roy. Soc., A, 211, 351 (1952). 

® Champlin, K. S., J. App. Phys., 80, 7, 1039 (1959). 

®* Ryle, M., and Vonberg, D. D., Proc. Roy. Soc., A, 193, 98 (1948). 


SURFACE TOPOGRAPHY OF THE ANTARCTIC ICE SHEET 


By Dr. J. F. NYE 
H. H. Wills Physics Laboratory, University of Bristol 


T has been reported by Lister and by Pratt?” 
that the surface of the Antarctic ice sheet over much 
of the route of the Trans-Antarctic Expedition con- 


sists of a series of undulations with wave-lengths of 


5-30 km. and a mean amplitude of about 20 m. In 
this respect the surface differs markedly from that 
of the Greenland ice sheet, which, except near the 
margins, is generally much more uniform?*. The 
question then arises as to whether the undulations 
seen in Antarctica are due to some effect of wind, 
which causes the snow to accumulate preferentially 


in certain places, or whether they are the result of 


unevenness in the rock bed upon which the ice sheet 
lies. The following analysis leads to the conclusion 
that the latter explanation is the right one, and that 
we may hope to discover much about the topography 
of the bed simply by an inspection of the surface. 
Owing to the higher temperature of the lower layers 
of ice, and the large effect of temperature on the creep- 
rate of ice, the outward motion of the ice sheet 
probably takes place almost entirely by sliding on 
the rock bed (combined with rapid shearing in a very 
thin layer at the bottom)*. The velocity of sliding u 
will depend on the shear stress 7 at the interface, the 
effective roughness of the bed, and the temperature 


(and possibly on the hydrostatic pressure). At a 
given place on the bed let us assume that : 
i 
u \A ) (1) 


where 4A and m are constants. According to Weert- 
man’s calculation®, which is appropriate where the 
ice in contact with the rock is at the pressure melting- 
point (which may be the case in parts of Antarctica), 
the value of m is 2 or 2-5. 7 is given approximately® 
by eghx, where p is the mean density, h is the thick- 
ness, and « is the (small) slope of the upper surface 
averaged over a distance ~h. Hence: 


gh 
mel) @) 


u at a point is thus determined by the slope of the 
upper surface and the thickness at that point. On 
the other hand, in a steady state, where the accumula- 
tion of snow on the upper surface is just balanced by 
the outward flow, w is also determined by the rate of 
accumulation of snow, integrated between the place 


under consideration and the ‘centre’ of the ice sheet. 
This makes it possible, in principle, to calculate the 
steady-state profile of the upper surface, and with 
certain simplifying assumptions, such as uniform 
roughness of the bed, some analytical solutions can 
be derived‘. 

Our present concern, however, is with departures 
from the steady state, and here the appropriate 
analysis has already been performed by Weertman’. 
He uses equation (2) and considers an ice sheet moving 
down a uniform plane bed of slope 8 in the direction 
Ox; the assumption of uniform slope is not in fact 
necessary, and we may put 8 a function of x without 
altering the result. (The effect of non-uniform rough- 
ness is treated in ref. 4.) In the steady state, the 
thickness is ho(x), the velocity is %o(v), and the thick- 
ness of ice added at the upper surface per unit time ‘is 
a(x). We put dho/de = — @o (90 Is positive) and 
% =o + 8, so that a» is the steady-state slope 
of the upper surface. Let there now be a departure 
h, (x, t) from the steady-state thickness, where 
hy <Nho, Oh,/Ox Koo, Oh,/Ox K Xo, Oh ,/Ox? < dao/d. 
Weertman then shows, solely from equation (2) and 
an equation of continuity, that the subsequent history 
of this perturbation is given by : 

Ghy = BI C hy ! Oh, 
oe a 
B,C and D being fixed by the steady-state parameters 
as follows : 
B = (m + 1) (ooo + @)/ho 
C = {(m + 1) (xo + @o)uo — (mM — 1)adfay } 
D MU ph o/Xo J 


(3) 


The three terms on the right in equation (3) have 
simple meanings’. The term — Bh, represents an 
exponential decay with a time constant B-!. Puttin 
m 2-5, ho = 3,000 m., uo = 20 m./yr., po = 3 
10-3, a= 0-1 m./yr. gives B-! = 5,000 yr. This 
term is concerned with departures from the equili- 
brium thickness, rather than from the equilibrium 
slope. It shows that such departures, extending, 
as we shall see, over long distances comparable wit!) 
the size of the whole ice sheet, can persist for several 
thousand years—long, that is, compared with the 
period for which the rate of accumulation can be 
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considered steady. The term — Cdh,/@x represents 
a travelling wave of constant h, moving with a velocity 
(,. This wave is akin to the kinematic waves of 
Lighthill and Whitham’. Putting «) = @o and the 
other values as before gives C = 90 m./yr. (We may 
note in passing that, for small wo, C can be negative, 
tliat is, the wave can travel upstream. This happens 
uy to distances of about 200 km. from the centre.) 
The term D0dh,/0x?, which is the one of primary 
interest in the present application, represents an 
outward spreading and broadening of an initial dis- 
turbance in accordance with the diffusion equation. 
The characteristic time for the ‘diffusion’ process will 
depend on the length of the waves. If there are sur- 
face waves of wave-length 4, the characteristic time 


47x2D 
will be (zB + 


re 

as before and taking A = 12 km. (the mean observed 
wave-length), we find the time to be 0:07 yr. (B is 
negligible here). Thus surface waves as short as 
12 km. will disappear in a matter of months. In 
order to survive for one year, a wave would need to 
have A > 40 km., and for 10 years, % 140 km. 
A wave with A/2 equal to the width of the ice sheet 
(4.000 km.) would last for 5,000 years. At the other 
extreme we must recognize that the approximations 
of the theory break down when the wave-length 
becomes smaller than the thickness of the ice sheet, 
sav, 3 km., and waves with 4 << 3 km.—sastrugi, 
for example—will not be eliminated by the above 
mechanism. Thus we conclude that departures from 
the equilibrium form of the ice sheet cannot survive 
for longer than one year if their wave-lengths are 
between about 3 (or less) and 40 km. 

The physical reason for this result may be explained 
as follows. The upstream side of a crest will have a 
smaller slope than normal, and the downstream side 
will have a greater slope. This causes a greater shear 
stress on the bed, and therefore a greater velocity, on 
the downstream side. The crest is therefore stretched 
and flattened. If, however, the crest is narrow com- 
pared with the depth of the ice sheet, as in sastrugi, 
the changes of slope do not affect the shear stress on 
the bed, and so the crest survives. At the other 
extreme, if the crest is very extensive, the additional 
curvature of the surface is so slight that a long time is 
needed to eliminate it. Between these two extremes 
there is a range of wave-lengths where the crests 
disappear in times less than one year. 

[t follows from this analysis that, if comparatively 
long-lived undulations are observed in the range of 
wave-lengths where waves are quickly eliminated, 
they cannot be departures from the equilibrium 
profile but are the result of the topography of the 
bed. This conclusion, from purely mechanical reason- 
ine, will apply to the surface waves with 4 ~ 12 km. 
seen in Antarctica, provided the waves cannot build 
up by preferential accumulation in very short times. 
According to the above figures they could only be 
due to preferential accumulation if they were built 
up within a few months—and this seems exceedingly 
unlikely in view of the measurements of annual 
accumulation interpreted from cores drilled on the 
waves by the Trans-Antarctic Expedition during 
the crossing!?. Incidentally, if our conclusion that 
the waves are the result of bed topography is 
correct, one might expect to find the accumulation 
rather greater in the sheltered hollows than on the 
exposed crests, and this does appear to be the case’. 

\Ve must now ask how the topography of the bed 
wil! influence the surface. Ifm were infinite, equation 


-1 
) . Putting in numerical values 
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(1) shows that the velocity of sliding would be 
zero up to a critical shear stress A, and, when t = 4, 
u could take any value. Putting m infinite in fact 
leads to the older theory® in which + was regarded as 
constant everywhere on the bed of an ice sheet. 
In this approximation, therefore, h is proportional to 
l/x. Using this approximation, Bourgoin® has 
succeeded in making a detailed correlation between 
the very slight relief of the surface of the Greenland 
ice sheet and the relief of the bed measured by seismic 
sounding. He found that an unevenness of the surface 
of as little as 10 m. between two points 30 km. apart 
denoted the presence of a hill in the bed rock about 
350 m. high. This theory can now be improved by 
using the more general relation (1), in which m is 
finite and which allows for changes in +. It is then 
found‘ that a hill on the bed of height p, where 
p <h, produces (a) a change in height of the surface 
which is an order of magnitude less than p, (b) a 
change Ax in surface slope, where 

Aa m-+1p 


wd m h (4) 


and (c) a change Az of shear stress on the bed, where 


Ae 1p 

43 mh ~ i h 
Thus a mountain 300 m. high covered by ice 3,000 m. 
thick shows itself as a change in height of the surface 
small compared with 300 m. (as verified by Bourgoin’s 
work), a change in surface slope of 14 per cent, and 
a change of shear stress on the bed of 4 per cent. The 
smallness of this last figure is the reason for the 
success of the older theory in which + was regarded as 
constant. 

In order to deduce the height of a buried mountain 
from the change of slope of the surface that it pro- 
duces, we write (4) as: 

m hAw 


ilies m+tl- 





(9) 


of 


~ 0:7 


hAx ; 
- (6) 

The value of p deduced by putting m infinite is 

h Au/x. Thus with the new theory, which allows 

7 ta vary, we deduce values of p which are 70 per cent 

of those deduced on the older theory. Generally 

speaking, the accuracy of the seismic methods used 
in Greenland (and Antarctica) is not yet sufficient to 
check this change in the theoretical prediction. 

The fluctuations of surface slope observed in 
Antarctica are comparable with the average slope 
itself, and it follows from (4) that the heights of the 
submerged mountains are a large fraction of the 
total thickness of the ice sheet. We are thus left 
with the conclusion that the surface waves in Antarc- 
tica, small as they are, reflect a very considerable 
relief of the rock bed—a relief which is already 
becoming apparent from the seismic and gravity 
work. Greenland is very different ; there the bed is 
comparatively uniform in the regions so far studied, 
and this shows itself in the extreme uniformity of the 
surface. 

? Geophysical Discussion of the Royal Astronomical Society, February 
28, 1959, Geophys. J. (in the press). See also Nature, 188, 1575 
(1959). 

2 Lister, H. (private communication). 

3 Bourgoin, J. P., Annales de Géophys., 12, 75 (1956). 

4 Nye, J. F., J. Glaciol., 3 (Oct.) (1959). 

5 Weertman, J., J. Glaciol., 3, 33 (1957). 

*Nye, J. F., Nature, 169, 529 (1952). 

7 Weertman, J., Union Géodésique et Géophysique Internationale, 
Association Internationale d’Hydrologie Scientifique, Symposium 
de Chamonix, September 16-24, 162 (1958). 

8 Lighthill, M. J., and Whitham, G. B., Proc. Roy. Soc., A, 229, 281 


(1955). Nye, J. F., Nature, 181, 1450 (1958). 
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NUCLEOTIDE-PEPTIDE COMPOUNDS OF SACCHAROMYCES 
CEREVISIAE 


By G. HARRIS and J. W. DAVIES 


Brewing Industry Research Foundation, Nutfield, Surrey 


Synthetic ‘Active’ Nucleotide—Peptide 
Compounds 


ft een recent demonstration! of the presence in 
strains of Saccharomyces cerevisiae of nucleotide 
peptide compounds containing an active carboxyl 
group in the peptide moiety and the isolation of 
individual compounds of this nature*, which may 
function as protein precursors, made it clearly desir- 
able to prepare model ‘active’ compounds. 

Methods already available*-* for the synthesis of 
the related amino-acid adenylates have therefore 
been applied to the elaboration of certain nucleotide— 
peptide compounds. For example, application of the 
method of Berg*, as modified by Kingdon e¢ al.‘ to 
the condensation by means of dicyclohexyl carbo- 
diimide in aqueous pyridine of adenylic acid with 
leucylglycine, has yielded a mixed nucleotide—peptide 
anhydride, although only in small yield. The crude 
product was obtained from the reaction mixture by 
precipitating it by means of acetone, extracting the 
dried precipitate with weak acetate buffer at pH 4-0 
and removing contaminating adenylic acid and poly- 
mers by adsorption of these impurities on ‘Dowex-1’ 
(formate). It was further purified by chromatography 
on Whatman 34M paper in the solvent system, 
n-propanol—ethy]l acetate—water (7: 1:2, v/v), elution 
with cold water and evaporation of the resulting 
solution in the cold. 

The product had an Rp value of 0-20 in the above 
chromatographic solvent and was therefore well 
differentiated from unchanged leucylglycine having 
an Rp value of 0-32. It gave a characteristic red 
coloration with ninhydrin reagent on paper and a 
strong red-brown coloration due to the formation of 
a ferric hydroxamate on treatment with hydroxyl- 
amine followed by ferric chloride under the conditions 
recommended by Koningsberger e¢ al... These colour 
reactions and the behaviour of the compound on 
‘Dowex-1° (formate) resemble closely those given by 
the corresponding products from yeast. With the 
latter, the synthetic compound shares also the further 
characteristic properties of migrating towards the 
cathode on electrophoresis on paper in acetate buffer 
at pH 4-0 and of having an ultra-violet absorption 
spectrum of the type given by the corresponding 
nucleoside. From a consideration of its properties, 
the mode of synthesis and the fact that the compound 


vielded on hydrolysis equimolar proportions of 
NH, 
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adenine, ribose, phosphoric acid, leucine and glycine, 
it may be deduced that the nucleotide—peptide has 
the structure (I). This resembles closely certain of the 
yeast constituents which, however, contain uracil in 
place of adenine, and it is of interest to record that 
replacement in the above synthesis of adenylic acid 
by uridylic acid results in the formation of a product 
of very similar properties with the exception that it 
is less readily desorbed from ‘Dowex-1’ (formate). 
Again, the substitution of the tripeptide DL-leucy! 
glycylglycine for the above dipeptide yields analogous 
products, and present efforts are therefore being made 
to extend the synthesis to certain of the naturally 
occurring nucleotide—peptide compounds. 


A Second Nucleotide-Peptide Compound 
from Brewers’ Yeast: Isolation and 
Structural Observations 


THE initial discovery? of a nucleotide—peptide com- 
pound in cold ethanol extracts of a brewer’s yeast 
and the possibility that such compounds might play 
a part in protein synthesis prompted a search for 
other substances of this nature. It has now been 
observed that extraction of Saccharomyces cerevisia 
(No. 240 of the British National Collection of Yeast 
Cultures) by means of hot aqueous ethanol, following 
inactivation of the cells with cold ethanol and ether, 
vields a mixture containing several nucleotide 
peptide compounds. Treatment of the extract with 
‘Dowex-1’ (chloride) resulted in adsorption of certain 
of these compounds among others on the resin, while 
desorption of some of the adsorbed material was 
achieved by treatment of the resin with acetate 
buffer solution at pH 5-0. The concentrate this 
obtained was freed from various nucleotides, peptides 
and amino-acids by successive adsorption of these 
compounds on ‘Dowex-l’ (formate) and ‘Amberlite 
CG 50’ (acid form) and was then subjected to electro- 
phoresis in acetate buffer at pH 4:0 on Whatman 
No. 3 paper. Elution by means of cold water of that 
material on the final electropherogram which had the 
properties of (a) migrating towards the cathode, 
(b) reacting with hydroxylamine to form a hydroxamic 
acid!?, and (c) yielding a coloration with ninhydrin, 
gave a preparation, which on freeze-drying an| 
freeing from salt by solution in wet ethanol, followed 
by precipitation with ether, yielded a homo- 
geneous nucleotide—peptide. 

The product migrated as a single narro\ 
band on electrophoresis as above an! 
formed one well-defined chromatograph 
zone in the solvent systems compose! 
(a) of butanol, acetic acid and water (4:1: |, 
v/v); and (b) of ethyl acetate, propane! 
and water (1:7:2, v/v). As indicated 
above, it formed a hydroxamie acid on 
reacting with hydroxylamine under the 
conditions described by Koningsberger ¢/ 
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al. and .it gave a red coloration on heating with 
ninhydrin. In acid solution, its absorption spectrum 
displayed maxima at 235 and 265 muy, the peaks 
corresponding presumably to the absorption due to 
the peptide and nucleotide moieties, respectively. 
Tho molecule was broken down into its constituent 
parts by treatment with cold alkalis, for example, 
solium hydroxide, aqueous ammonia or hydroxyl- 
amine, the nucleotide portion displaying the 
chromatographic’, electrophoretic and light absorp- 
tion properties characteristic of uridine-5’-phosphate. 
The peptide-hydroxamic acid formed by treatment 
of the original nucleotide peptide with hydroxyl- 
amine behaved chromatographically as a_ single 
substance which on hydrolysis with acid yielded 
only arginine and «-alanine as judged by chromato- 
graphy and colour reactions’. The treatment with 
alkalis naturally resulted in the loss of reactivity 
towards hydroxylamine : 





OH 
We 
la 
ital | . 
o:l2 . O 5 a 
N77 GH,.0.8.0.C0.R 
| 7 | 
Ke OH 
| \E |7 | 
OH OH 
(II) 


where PR represents a tetrapeptide residue consisting 
of two arginine and two «-alanine units. 

The presence of a uridylic acid residue in the 
nucleotide-peptide compound was confirmed by 
hydrolysing the latter material (a) with formic acid 
to produce uracil, itself estimated by ion-exchange 
chromatography®, (6b) phosphate!® (1 mole), and 
(c) ribose (1 mole)!4!2, The composition of the 
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peptide was ascertained by hydrolysis with hydro- 
chloric acid followed by chromatography on paper. 
The arginine and «-alanine were eluted by means of 
dilute acid and estimated by the colorimetric method 
of Yemm and Cocking!*, whereupon it was found 
that the molecule contained two residues each of the 
above amino-acids. The evidence indicates that the 
nucleotide—peptide now described is a mixed an- 
hydride (II) of uridine-5’-phosphate with a tetra- 
peptide containing two units of a-alanine and two 
units of arginine. The site of the ‘active’ anhydride 
grouping at the 5’-position of the uridine-5’-phosphate 
is indicated (a) by the loss of reactivity towards 
hydroxylamine coincident with fission of the mole- 
cule by means of alkalis, (b) the formation of a 
peptide-hydroxamic acid, and (c) by the fact that 
the compound itself is immediately attacked by 


periodate, thus demonstrating the lack of sub- 
stituents on the 2’ and 3’ positions. The close 
structural relationship between the nucleotide— 


peptide here described and the mixed 5’-phospho- 
anhydrides of adenosine-5’-phosphate with various 
single amino-acids, taken together with the fact that 
the latter anhydrides are held to be implicated in 
protein synthesis, suggests that the peptide deriva- 
tives also might play a part in cell growth. 

1 Koningsberger, V. V., van der Grinten, C. O.,and Overbeek, J. T. G.. 
Biochim. Biophys. Acta, 26, 483 (1957). 

? Harris, G., Davies, J. W.,and Parsons, R., Nature, 182, 1565 (1958). 

5 Berg, P., Fed. Proc., 16, 151 (1957); J. Biol. Chem., 238, 608 (195s). 

‘ Kingdon, H. S., Webster, L. T., and Davie, E. W., Proc. U.S. Nat. 
Acad, Sci., 44, 757 (1958). 

5 McCorquodale, D. J., and Mueller, G. C., Arch. Biochem. Biophys., 
77, 13 (1958). 

* Lambert, R., Zilliken, F., and Gurin, S., Angew. Chem., 70, 571 
(1958). - 

? Kirby, K. 8., Biochim. Biophys. Acta, 18, 575 (1955). 

8 Jepson, J. B., and Smith, I., Nature, 172, 1100 (1953). 

®* Cohn, W. E., Science, 109, 377 (1949). 

10 Umbreit, W. W., Burris, R. H., and Stauffer, J. F., ‘‘Manometric 
Techniques and Tissue Metabolism’’, 190 (Burgess, Minneapolis, 
1951). 

1 Mejbaum, W., Z. physiol. Chem., 258, 117 (1939). 

12 Fiske, C. H., and Subbarow, Y., J. Biol. Chem., 66, 375 (1925). 

13 Yemm, E. W., and Cocking, E. C., Analyst, 80, 209 (1955). 


SYNTHESIS AND PROPERTIES OF I-GLYCERYL-2-MYO-INOSITYL 
PHOSPHATE 


bes simplest member of the glycerinosityl 
phosphatides! is considered to be a diacyl 
derivative of 1-glyceryl-2-myo-inosityl phosphate 
(I}*-*, since on hydrolysis it yields glycerol, myo- 
inositol, glyceryl phosphate, myo-inosityl phosphate 
and fatty acids, the ratio fatty acids, glycerol, 
inovitol, phosphorus being 2: 1:1: 1. 


OH O 

| A 

HO /;7—\. 0—P—O—CH, 
oH NS | 
HO OH CHOH (Acyl) 
ae CH,OH (Acyl) 
OH 
(I) 


Although there is strong evidence for formula (I), 
doubt still exists concerning the position of the 
phosphate group because of its tendency to migrate 
to adjacent hydroxyl sites under the conditions 
of hydrolysis®*. We have therefore synthesized 


1-glyceryl-3-myo-inosityl phosphate for comparison 
with the natural product. This was kindly under- 
taken by Dr. J. N. Hawthorne, who found our syn- 
thetic product identical with his own specimen, 
isolated from ox liver and with a specimen synthesized 
by a different route (see second communication). 
T. MALKIN 


Synthesis of I-Glyceryl-2-myo-inosity! 
Phosphate 
3:4:5: 6-TETRACETYL-myo-INOSITOL’ in pyridine, 
when treated with 1:25 moles of acetyl chloride in 
benzene, yielded 1: 3: 4:5: 6-pentacetyl-myo-inositol 
in 78 per cent yield, shown by mixed m.p. 172-74° C., 
and mixed m.p. of p-nitrobenzoyl esters 232—35° C., 
to be identical with the pentacetate obtained by the 
stereospecific reduction of pentacetyl-scyllo-inosose®-!. 
This pentacetate, when treated with phenylphos- 
phorodichloride, 1-1 moles, in lutidine at 40°C. for 
48 hr., followed by addition of 1 : 2-csopropylidene- 
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glycerol, 5 moles, at 50° C., and stirring for 36 hr., 
gave 1 : 2-¢sopropylidene-glyceryl-pentacetyl-2-myo- 
inosityl-phenylphosphate, as colourless crystals from 
ethanol, m.p. 140-42° C., in 52 per cent yield (found : 
C, 51-0; H, 5-7; P, 4:7: CssH3,0,6P requires 
C, 50-9; H, 5-6; P, 4-7 per cent. Hydrogeno- 
lysis in ethanol or ethyl acetate, in the presence 
of Adams’s catalyst, removed the phenyl group, 
and the resultant acidity was sufficient to cause the 
loss of the isopropylidene group, on dissolution in 
water and standing overnight. Evaporation of the 
solvent at < 40°C. gave the glyceryl-pentacetyl- 
inosityl-phosphate as a deliquescent glass, which 
was characterized as the cyclohexylamine salt, m.p. 
204° C. (found : C, 46-2 ; H, 6-7; N, 2-2; P, 4-7 per 
cent; C,,H,,0,,P.N requires: C, 46-6; H, 6-5; N, 
2-2; P, 4-8 per cent. Sodium methylate in methanol 
converted the pentacetyl compound into sodium 
glyceryl-myo-inosityl-phosphate, which was separ- 
ated in a centrifuge and converted into the free acid 
by passing an aqueous solution down a column of 
‘IR 120° resin. Evaporation to dryness at < 40° C. 
gave a deliquescent glass, which was quite unsuitable 
for characterization or for handling. Sodium, 
potassium and barium salts were made by passing 
an aqueous solution of the phosphate down a column 
of ‘JR 120° resin in the appropriate basic form. Both 
the former are very deliquescent, but the latter is 
and can be handled reasonably well. The 
removal of protecting groups is carried out with an 
overall yield of 70-75 per cent. 

Since most of the natural glyceryl phosphatides 
occur in the t-form, we have carried out the same 
synthesis, using D-isopropylidene glycerol!!, which 
yields the Lt-glyceryl phosphate ; but although various 
optically active intermediates were obtained, the 
final glyceryl-inosityl-phosphate was inactive. Race- 
mization is, of course, to be expected, once the pro- 
tecting ésopropylidene group is removed, because of 
the phosphate equilibrium between the 1 : 2-positions 
of the glycerol, and this appears to be particularly 
rapid, when all the protecting groups are removed. 
It is, however, perhaps too early to discuss this 
aspect of the work in detail, as so little is yet known 
about the activity of the natural compounds. 

L.-ésopropylidene-glyceryl-1 : 3: 4: 5 : 6-pentacetyl- 
myo-inosityl-phenyl-phosphate was made as described 
for the DL-compound. The m.p. and mixed m.p. 
with the DL-compound are surprisingly the same 
(140-42° C.) ; [x] *}°+ 2-34° C. in chloroform, [«]*p ° + 
2-4 in ethyl acetate. 

Hydrogenolysis of the above and neutralization 
with N/10 sodium hydroxide (phenolphthalein) 
gave sodium L-ésopropylidene-glyceryl-1 :3:4:5: 6- 
pentacetyl-myo-inosityl-phosphate ; [«]%°+3-25° C., 
in chloroform (found: C, 43:3; H, 5:2; P, 5-0: 
C.2H,,0,,P Na requires C, 43:5; H, 5-2; P, 5-0 per 
cent). This, on deacetylation, gave sodium L-?sopro- 
pylidene-glyceryl-myo-inosityl-phosphate as a _ de- 
liquescent white powder ; [a]*, ° 1-04° C. in water. 

For comparison with the natural products, we 
sent the barium salt of glyceryl-myo-inosityl phos- 
phate, prepared from D-isopropylidene glycerol, to 
Dr. J. N. Hawthorne. Our own hydrolysis and paper 
chromatographic comparisons showed it to be 
identical with that obtained from inactive dsopro- 
pylidene glycerol. 
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J. H. DAvies 
T. MALKIN 
Department of Chemistry, 
University of Bristol. 
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I-Glycery!l-2-myo-inosityl Phosphate : 


Alternative Synthesis and Behaviour 
on Hydrolysis 


By a mild alkaline hydrolysis of liver phosphaticdy] 
inositol (Formula I, previous communication) the 
two fatty acids have been selectively removed, and 
glyceryl-myo-inosity] phosphate prepared. After 
purification on an ion-exchange column, it has been 
broken down to a mixture of glycerophosphate and 
inositol monophosphate by hydrolysis with 0:5 N 
sodium hydroxide at 100°C. for 40 min.??. For 
comparison with glyceryl-myo-inosityl phosphate 
prepared in this way, a synthetic sample was required, 
1-Glyceryl-2-myo-inosityl phosphate was chosen for 
this work. 

The method of phosphorylation used in the present 
synthesis is that which has been developed by Gilham 
and Khorana!*: a phosphate monoester and an 
alcohol, under the influence of dicyclohexylcarboidi- 
imide in anhydrous pyridine, condense together to 
give a phosphate diester. (This work began before 
the method of Gilham and Khorana appeared. We 
are grateful to Dr. Khorana for sending details in 
advance of publication.) This method has _ not 
previously been applied to the syntheses of phospho- 
lipids or their intermediates. 

The alcohol used in the present work was DL-iso- 
propylidene glycerol!+ and the phosphate monoester 


was 1:3:4:5: 6-penta-acetyl-myo-inositol-2-phos- 
phate. This latter compound was prepared by a 


modification of Iselin’s five-stage synthesis®§: myo- 
inositol was oxidized by Acetobacter suboxydans to 
scyllo-inosose. This was acetylated to its penta- 
acetate with acetic anhydride containing 0-3 per cent 
perchloric acid. The catalytic reduction of this 
compound is difficult!®, presumably because the 
carbonyl group is sterically hindered and it was 
eventually found necessary to carry out the hydro- 
genation in glacial acetic acid. The reaction is not 
completely stereospecific in this solvent and a mixture 
of myo-inositol and scyllitol penta-acetates is formed. 
The mixture was phosphorylated with dipheny! 
phosphorochloridate in pyridine at 80°C. for 20 hr. 
The product, recrystallized from dry ethanol, had 
m.p. 183-88°C. The yield was 66 per cent. The 
phenyl groups were removed by hydrogenolysis in 
dry ethanol with Adams’s catalyst, and the contam- 
inating scyllito] isomer was then removed by fractional 
crystallization from the concentrated ethanol solution 
at room temperature; the penta-acetyl scyllitol 
phosphate had m.p. 249-51°C., yield 5 per cent; 
the penta-acetyl inositol phosphate had m.p. 230- 
32°C. after recrystallizing from dry ethanol, yield 
64 per cent. 

DL-isopropylidene glycerol (0:5 ml.) and penta- 
acetyl inositol-2-phosphoric acid (0-2 m.mole) were 
allowed to react together in anhydrous pyridine 
(5 ml.) with dicyclohexylearbodiimide (1-5 m.moles) 
for 2 days at room temperature. Water was added 
and the precipitated dicyclohexylurea removed by 
centrifugation. The iésopropylidene group was re- 
moved by stirring with a largo excess of ‘Zeo-Karb 225° 
(H+-form) overnight. The solution was concentraied 
to a small volume in vacuo at a bath temperature 
of less than 40° C. and the acetyls removed as their 
hydroxamates : hydroxylamine was prepared by 
reaction of its hydrochloride with the calculated 
amount of sodium metal in dry methanol and added 
in excess to the phosphate solution. It was allowed 
to react for 20 min. 
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‘he reaction mixture contained 25-30 per cent 
glyceryl-myo-inosityl phosphate, free inositol mono- 
phosphate, and a third component which is probably 
bis inositol pyrophosphate. These compounds were 

parated by chromatography on ‘Dowex-l’ using 
bovate-formate mixtures for elution!*, The synthetic 
glyceryl-myo-inosityl phosphate was eluted at the 
saiie formate concentration as the natural material. 
Determination, of glycerol by the chromotropic acid 
meihod*® showed a glycerol to phosphorus molar 
ratio of 1-0(03)/1. 

The synthetic product was subjected to the same 
alkaline hydrolysis that has been used for the 
gly-eryl-myo-inosity] phosphate isolated from the 
inositide. The hydrolysate, complexed with borate in 
the usual manner, was analysed into its components 
on a ‘Naleite SAR’ column*?, No phosphate was 
now eluted with the glyceryl-myo-inosity] phosphate 
eluting agent, but two peaks appeared in the positions 
where inositol monophosphate and glycerophosphate 
are known to occur. Only the second, corresponding 
to glycerophosphate, contained glycerol. 31 per cent 
of the phosphorus was present in the inositol phos- 
phate peak. 

For comparison, the barium salt of glyceryl-myo- 
inosityl phosphoric acid prepared in the Bristol 
laboratories was hydrolysed by the same method. 
Analysis by the chromotropic acid method showed 
that it contained the theoretical amount of glycerol. 
The inositol monophosphate and glycerophosphate 
produced by hydrolysis were separated on a column 
as above. In two analyses 31 and 35 per cent of the 
phosphate in the hydrolysate was in the form of 
inositol monophosphate. 


No. 4689 


se 


NATURE 


791 


This hydrolytic pattern agrees well with that 
obtained with glyceryl-myo-inosityl phosphate pre- 
pared from the liver phosphatidyl inositol!*. In 
addition, Hanahan and Olley’® found that alkaline 
hydrolysis of the lipid itself gave 35 per cent phos- 
phorus in the form of inositol phosphate. It is 
likely, therefore, that the natural product has a 
similar configuration, involving inositol-2- or 1-phos- 
phate. A decision between these two should be possible 
since only the 1-compound is optically active’. 

R. B. E tis 
J. N. HAWTHORNE 
Department of Medical Biochemistry 
and Pharmacology, 
Medical School, Birmingham 15. 
June 9. 
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FUNCTIONAL ORGANIZATION OF THE RESPIRATORY CHAIN 
IN LIVER MITOCHONDRIA 


By Dr. TOKUJI KIMURA and Dr. THOMAS P. SINGER* 
Edsel B. Ford Institute for Medical Research, Henry Ford Hospital, Detroit 


§ fa question of whether the mitochondrion is 
compartmentalized into separate respiratory 
chains serving the individual cytochrome-linked 
dehydrogenases and acting independently of each 
other, or whether all or most of these dehydro- 
genases are structurally and functionally linked to 
a common electron transport system, has been an 
open and much debated one. In the past, two major 
approaches have been used to explore this question. 
One entails the isolation of mitochondrial fragments 
capable of oxidizing only one substrate at significant 
rates (such as a reduced diphosphopyridine nucleotide 
oxidase preparation!) and the other the measurement 
of the extent of reduction of the various cytochrome 
components in anaerobiosis in intact mitochondria?. 
Elsewhere’, we have discussed the limitations of these 
methods and the consequent uncertainties of the 
conclusions derived from their application. A series 
of alternative methods have been employed by 
Aingler and Singer*4 to a study of the respiratory 
chain in brain mitochondria and some of the same 
methods have been applied by Wu and Tsou® to 
Keilin-Hartree preparations of pig heart in their study 
of the interrelation of succinic and reduced diphospho- 
pyridine nucleotide oxidases. 
* Established investigator of the American Heart Association. 


The following possibilities have been considered in 
the present study: (1) There may be a separate and 
distinct cytochrome chain serving each cytochrome- 
reducing dehydrogenase in mitochondria, with no 
interconnexion between the chains. (2) Two or more 
dehydrogenases may be attached to any given chain, 
but there is no functional interconnexion between 
the chains. (3) Two or more dehydrogenases may be 
linked to a given cytochrome chain, and there is inter- 
communication (that is, electron transport) among 
all the chains in a given mitochondrion. The third 
alternative recognizes the least degree of specialization 
for the electron transport system. Both alternatives 
(2) and (3) pose the further question as to the point 
in the chain at which a bifurcation to the various 
dehydrogenases might occur. In the present investiga- 
tion these alternatives were examined in sucrose 
mitochondria of rat liver, using the succinic and 
choline oxidase systems as indicators, since both 
specific dehydrogenases have been isolated and suffi- 
ciently characterized to permit the conclusion that 
they are flavoproteins. The techniques employed 
in order to decide among the aforementioned possi- 
bilities included: (a) a study of the rate of the cross- 
reaction in anaerobiosis between the two dehydro- 
genases and of the effect of inhibitors thereon ; 
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Table 1. COMPETITION OF SUCCINIC AND CHOLINE DEHYDROGENASES 
FOR THE RESPIRATORY CHAIN 
i | iin nail a (anit ine di | 2 =e | 
Oxygen | Fumarate 
Experi- Electron Substrate uptake formed | 
ment | acceptor | (watoms) | (4 moles) | 
1 Respiratory Succinate 40-0 36-0 
chain, cyt. a, | Choline | 20-0 
limiting (3-3. | Succinate + | 
mM azide) | choline 35:6 | 28-0 
2 Phenazine Succinate* 51-2 
metho- Choline 55-4 
sulphate | Suecinate* + 112 
| choline 
3 | Respiratory | Succinate 22 |; 228 | 
chain, cyt. Choline 12-5 | 
b — ce, limit- Suecinate + | 
ing (9-3 choline 36-1 24-6 
10-7 M quino- | 
line oxide) | 
| 





*Succinic dehydrogenase activity depressed by titration with 
malonate to the level of choline dehydrogenase. 

Conditions: Manometric assays at 30°, pH 7-6, in the presence 

of 0-02 M succinate and/or 0-017 M choline and sucrose mitochondria 
of rat liver. The reaction period and the amount of mitochondria 
were varied in the different experiments, but the results are expressed 
for a 15-min. period and 1 ml. mitochondrial suspension. The latter 
contained 25:2 mgm. protein in experiments 1 and 2, and 25-9 mgm. 
in experimext 3. In experiments 1 and 3, 0-5 mgm. cyt. ¢ was added. 
Fumarate was determined, after deproteinization, with crystalline 
fumarase and the malic enzyme of L. arabinosus (ref. 9). 
(b) comparison of the quantitative effect of the 
titration of mitochondria with respiratory chain 
inhibitors on the two enzyme systems; (c) a study 
of the effect of depletion and re-addition of a specific 
component of the respiratory chain on the two 
activities ; (d) competition experiments between the 
two enzyme systems for specific components of the 
respiratory chain. 

The investigations of Slater® and of Wu and Tsou 
of the reduced diphosphopyridine nucleotide and 
succinic oxidases of heart and of Ringler and Singer?.4 
of the succinic and «-glycerophosphoric oxidases of 
brain have ruled out the possibility that separate 
and specific cytochrome chains serve these dehydro- 
genases in the tissues mentioned, but did not permit 
distinguishing between alternatives (2) and (3). In 
contrast, the results of a comparison of the behaviour 
of choline and succinic oxidases in rat liver did not 
seem to be readily reconcilable with the operation of a 
common respiratory chain and suggested that at least 
a part of their cytochrome chains may operate inde- 
pendently of each other. Thus, anaerobically, no 
oxidation of choline by fumarate could be detected ; 
the oxidation of choline and succinate via the com- 
plete chain was additive, not competitive ; addition 
of cytochrome c to partially depleted mitochondria 
stimulated succinate oxidation three- to four-fold but 
did not affect choline oxidation, and titration with 
azide, cyanide, antimycin a, and 2-n-heptyl-4- 
hydroxyquinoline N-oxide (quinoline oxide) inhibited 
succinate oxidation at much lower concentrations than 
choline oxidation (Fig. 1). Further, amytal completely 
inhibited choline respiration without inhibiting 
succinate oxidation. 

Since during the steady state both choline and 
succinate reduce all the known cytochromes of liver 
mitochondria (b, ¢ + ¢,, @, @3), although to different 
extents’, and since the differential effects of amytal 
were readily explained, without postulating separate 
pathways, by the finding that this inhibitor acts 
between choline dehydrogenase flavoprotein and 
cytochrome b8, it was desirable to establish whether 
the differential effects on choline and succinic oxidases 
might not be the results of the greater activity of 
succinic than of choline dehydrogenase and of the 
consequently greater demand it puts on the respira- 
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tory chain. In order to test this possibility, succinic 
dehydrogenase activity was depressed by malonate 
to a point where it equalled choline dehydrogenase 
activity. Under these conditions, external cyio- 
chrome c no longer stimulated either succinic or 
choline oxidase, since the residual cytochrome c in 
washed sucrose mitochondria was sufficient to sup- 
port this lowered rate of respiration. Similarly, 
when succinic and choline dehydrogenase activities 
were equalized by malonate titration, the titration 
curves of choline and succinic oxidases (and of the 
corresponding cytochrome c reductases) with all the 
respiratory chain inhibitors mentioned coincided. 

Since the activity of choline oxidase in rat liver 
mitochondria is only 20-25 per cent as high as that 
of succinic oxidase, it seemed possible that the 
turnover-rate of the slowest member of the cyto- 
chrome chain in liver mitochondria (supplemented 
with cytochrome c) may exceed the combined activity 
of the two oxidases and that, therefore, in order to 
demonstrate a competition between the two oxidases 
it is necessary to depress the turnover of one of the 
components of the respiratory chain. Indeed, when 
the turnover of cytochrome a; was depressed by 
titration with azide, the mutual competition of choline 
and succinic oxidases could be readily demonstrated 
(Table 1, exp. 1). Significantly, as in the mutual 
competition of succinic and «-glycerophosphoric 
dehydrogenases in brain mitochondria, when the two 
substrates are simultaneously oxidized, the rate is 
less than that of the faster of the two oxidations. 
The reasons for this have been discussed elsewhere‘. 
That the depression of succinate oxidation is the 
direct result of the operation of choline dehydro- 
genase is shown by the fact that the addition of 
3 mM amytal, under these conditions, completely 
inhibits choline oxidation and re-establishes the rate 
of succinate oxidation and fumarate formation to 
the level found with succinate alone present. When 
the respiratory chain is by-passed by intercepting 
electrons with phenazine methosulphate (exp. 2), 
the competition disappears and a strict additiveness 
is obtained. It may be concluded that the electrons 
originating from these two dehydrogenases flow 
through a common transport system, at least at the 
level of cytochrome oxidase. 
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Fig. 1. Titration of succinic oxidase and choline oxidase activities 
of sucrose mitochondria of rat liver with respiratory chain 
inhibitors. _Manometric assay of uptake of oxygen at 30° as in 
Table 1. The inhibitions were calculated from the linear rate of 
respiration in the interval 5-20 min. after addition of the sub- 
strate. The initial rate of respiration (0-5 min.), before the 
inhibitor-resistant oxidation of choline is manifest (cf. below), 
gives similar differences in the titration of the two oxidases, but 

the inhibition of both enzymes reaches completion 
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When antimycin or quinoline oxide was used to 
limit the rate of the cytochrome b — c, step, instead 
of competition, additive rates were obtained (exp. 3). 
(his is interpreted to mean that the cytochrome b 

oieties serving succinic and choline dehydrogenases 
ure not the same nor in direct intercommunication. 
Further support for this conclusion came from a 
detailed study of the azide-, CN--, antimycin- and 

unoline oxide-resistant oxidation of choline (Fig. 1). 
Using an oxygen electrode, it was demonstrated that 
inmediately following the addition of choline to mito- 
chondria, treated with any of these inhibitors in 
excess, the oxidation is completely inhibited, but after 
3-5 min. at 30° C. or after 10-20 min. at room tem- 
perature, a respiration resistant to all these inhibi- 
tors begins. The cytochrome b linked to choline 
dehydrogenase (but not that linked to succinic 
dc-hydrogenase) appears to be the site of the ‘leak’ and 
the resistance to inhibitors is thought to represent a 
conversion of this cytochrome b to an auto-oxidizable 
form for the following reasons : (1) Choline dehydro- 
genase is not auto-oxidizable. (2) Amytal inhibition 
of choline oxidation is complete but antimycin or 
quinoline oxide inhibition is not. Thus, the ‘leak’ is 
between flavoprotein and cytochrome c,. (3) Choline- 
cytochrome ¢ reductase is completely blocked by all 
three of these inhibitors. (4) The auto-oxidizable 
component through which succinate and choline 
oxidations occur with excess azide or CN~- present is 
the same, since under these conditions the rate of 
respiration per mgm. mitochondria is equal whether 
succinate, choline, or both are present. Thus, the two 
dehydrogenases compete for the leak. (5) That the b 
component linked to choline dehydrogenase (and not 
that serving succinic dehydrogenase) is the site of the 
leak is indicated by the fact that while choline 
oxidation is partially resistant to antimycin and 
qiinolineoxide (agents which inhibit the b—c, 
step), succinic oxidase is completely inhibited by 
these compounds. 

The auto-oxidation or reduced cytochrome 6 in 
certain types of heart muscle preparations in the 
presence of cyanide was first observed by Keilin?®. 
Recently, Chance™ questioned the evidence for the 

direct reaction of cytochrome 6 with oxygen at a 
significant rate. In view of the slow rate of 
the development of the cyanide- and azide-resistant 
respiration in liver mitochondria, the auto-oxi- 
dation of eytochrome b possibly may escape 
detection in spectrophotometric experiments of very 
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Schematic representation of the interrelations of succinic 
and choline oxidases in rat liver mitochondria 


Fig. 2. 


short duration, as employed by the Philadelphia 
group!!.12, 

The findings suggest that the respiratory chains 
of liver mitochondria, at least so far as the succinic 
and choline oxidase systems are concerned, are not 
compartmentalized, but are interlinked at and above 
the oxidation-level of cytochrome c,, although the b 
components do not appear to be on a common path 
(Fig. 2). Intercommunication between the chains 
(alternative (3) above) is indicated by the fact that 
the quantitative effect of titration with an inhibitor, 
such as azide or cyanide, depends on the relative 
turnover rates of the dehydrogenase and the cyto- 
chrome component being titrated, respectively, and 
may be altered by depressing the activity of the 
dehydrogenase. Neither mechanism (1) nor (2) is 
compatible with this behaviour, but it is to be 
expected from the third one. 

This work was supported by grants from the 
National Heart Institute, United States Public 
Health Service, and the American Heart Association, 
and by a contract (Nonr 1656(00)) between the 
Office of Naval Research and the Edsel B. Ford 
Institute for Medical Research. 
1Green, D. E., ‘‘Harvey Lectures, 1956-57”, 177 (Academic Press, 
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? Chance, B.. Proc. Int. Symp. Enzyme Chem., Tokyo and Kyoto, 

1957, 9 (Maruzen, Tokyo, 1958). 
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4 Ringler, R. L., and Singer, T. P., Arch. Biochem. and Biophys., 77 
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> Wu, C. Y., and Tsou, C. L., Scientia Sinica, 4, 137 (1955). 
® Slater, E. C., Nature, 165, 674 (1950). 

7 Rehdina, G., and Singer, T. P., Fed. Proc., 18, 3038 (1959). 
8’ Estabrook, R. L., Packer, L., Singer, T. P., and Kimura, T. 

(unpublished work). 
® Korkes, S.,in “‘Methods in Enzymology”, edit. by Colowick, 8. P., 
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IS THE MULTIMAMMATE RAT A NATURAL RESERVOIR OF 
BORRELIA DUTTONI ? 
By Dr. F. ZUMPT 


Department of Entomology, South African Institute for Medical Research, Johannesburg 


o8 about two years now, the Entomological 

Department of the South African Institute for 
Medical Research, Johannesburg, has been carrying 
out transmission experiments and epidemiological 
investigations on relapsing fever (Borrelia duttonz) in 
Bechuanaland, in collaboration with the Medical 
Denartment of that Protectorate. 

\Vith the help of Dr. E. L. Szlamp, medical officer 
in Maun, a strain of Borrelia duttoni was isolated 
from tampans (Ornithodoros moubata) collected in a 
hut in Maun, inhabited by a native suffering from 


an acute attack of relapsing fever. Eleven specimens 
of O. moubata were collected on December 5, 1958 
and were injected into six white mice on December 17. 
All the mice became positive between December 2: 
and 29, 1958. 

This ‘Maun’ strain was then used for a great 
number of transmission experiments, on which a 
report will be given in a iater paper. Up to now, 
quite a few interesting results have been obtained, 
but one is of special interest and is reported in this 
preliminary note. In our search for the natural 
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reservoirs of African relapsing fever, which I expect 
to find among wild rodents, we also injected several 


specimens of the indigenous multimammate rat 
(Rattus natalensis = Mastomys coucha) with the 


‘Maun’ strain and found that this wild rat is very 
highly susceptible to Borrelia duttoni although, 
judging from the general appearance and behaviour 
of the animals, there are no obvious clinica] symptoms. 
The same is true for the white mouse, but in the 
multimammate rat the parasitemia of the blood is 
much higher, and persists, almost without interrup- 
tion, for a longer period. A photomicrograph of a 
blood smear of a white mouse at the peak of the 
blood-parasitemia (ninth day after subcutaneous 
injection) is shown in Fig. 1, and one of a blood- 
smear from a multimammate rat at a corresponding 
peak (eleventh day after injection) is given in Fig. 2. 

The course of the infection in the above-mentioned 
white mouse was as follows: It was infected on 
June 2, 1959, with an emulsion of eggs laid by an 
infected O. moubata. The first few spirochetes were 
detected in the blood-smear on June 10. The next 
day the smear was positive (Fig. 1), and it did not 
reach this degree of parasitemia again. On June 13, 
only a few spirochetes were present in the field. On 
the two following days the blood smears were negative. 
On June 17 the result was recorded as +-+-. A few 
spirochetes were again detected in the smear on 
June 20, 24 and 27. On the intervening days, and 
after June 27, all smears were found to be negative. 

The specimen of multimammate rat was injected 
on June 2 with a brain emulsion from a white mouse. 
On June 9, the first spirochetes appeared in the 
blood and were recorded as ++. The next day no 
spirochetes could be detected in the smear. They 
re-appeared on June 11 and increased steadily until 
June 15, when they reached the peak shown in 
Fig. 2. The rat then remained highly positive until 
June 27. On the following two days the blood was 
negative ; then another peak was reached on July 3. 
The rat was then still in the best condition of health, 
and its progress is to be followed up. Similar results 
were obtained with other specimens of the multi- 
mammate rat. 

These results, which are to be consolidated by 
further experiments, have suggested several inter- 
esting problems. One is that the multimammate rat, 
used in this Institute for some time for many inves- 
tigations on plague, cancer and bilharzia, is evidently 
a much better experimental animal for investigations 
on relapsing fever than the white mouse. It may 
perhaps prove to be an ideal biological test-animal 





Fig. 1. 


Blood smear of white mouse on the ninth day after sub- 
cutaneous infection with Borrelia duttoni 
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Blood smear of multimammate rat on the eleventh day 
after subcutaneous infection with Borrelia duttoni 


Fig. 2. 


for silent infections in humans, where spirochetes 
are so rare in the blood that they cannot be detected 
by the usual laboratory methods. 

Another problem is an epidemiological one. It is 
now almost certain that the natives get their tampans 
from the burrows of wart-hogs. All the wart-hog 
burrows which I have been able to check in the 
Bechuanaland Protectorate have been highly infested 
with tampans which, according to Dr. G. A. Walton 
(by letter), are, with scarcely any doubt, morphol- 
ogically and physiologically identical with those 
found in the huts in Maun and other places in the 
Bechuanaland Protectorate and the Northern Trans- 
vaal. But the ticks collected by us from burrows 
in these areas, and also those collected by other 
authors in Central Africa, have never been found 
infected with Borrelia. Further, the wart-hog itself 


has never been found infected and is refractor) 
when infected experimentally (comp. Geigy and 


Mooser!). Evidently the wart-hog is not a natural 
reservoir of African relapsing fever, and the ticks 
may acquire their infection from another animal. 
Incidentally, the ‘wild’ Ornithodoros moubata from 
the burrows of wart-hogs can easily be infecte:| 
experimentally with Borrelia duttoni. 

The multimammate rat is a wild rodent which lives 
in close contact with man in Africa, and in the native 
villages it plays the same part as the house rat 
(Rattus rattus) and the Norwegian rat (Rattus norvey- 
cus) in the towns in Africa and in human habitations 
throughout Europe and Asia. Tampans brought io 
the huts by native hunters, for example, sooner or 
later come into contact with the multimammate ra's 
there. Is this rat perhaps the natural reservoir, or 
one of them, of Borrelia duttoni 2? We have not ve 
looked for natural infections in this rat, but tl 
experimental picture shows that it would be an ideal 
reservoir, as it remains highly positive for a long 
time without its general condition of health bein 
influenced. This problem is being investigated more 
thoroughly. 

I wish to thank Prof. J. F. Murray and Dr. B. de 
Meillon of this Institute for their interest and hel), 
Mr. D. H. 8S. Davis, Medical Ecology Centre, Union 
Health Department, for providing the wild rodents, 
and Drs. B. T. Squires, B. O. Wilkin and E. L. 
Szlamp of the Medical Department, Bechuanaland 
Protectorate, for their support. The photomicro- 
graphs were prepared by Mr. M. Ulrich of the Photo- 
graphic Department, South African Institute for 
Medical Research. 


1 Geigy, R., and Mooser, H., J. Trop. Med. Hyg., 58, 199 (1955). 
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CHEMISTRY AND TAXONOMY IN THE DIPTEROCARPACEAE 


By Dr. E. C. BATE-SMITH 


Low Temperature Research Station, 
Cambridge 


IVING specimens of the Dipterocarpaceae are 
/ not apparently available in Great Britain, and it 
has so far not been possible to include them in surveys 
of the phenolic constituents of plants!-*. Recently, 
however, through the kindness of the Director, Forest 
Research Institute, Kepong (Selangor), fresh leaves 
of twenty-eight species of dipterocarps have been 
received from Malaya, and these have been examined 
by the methods previously described (loc. cit.). The 
results are interesting because the species were selected 
from a large collection so as to be representative 
not only of all the available genera but also of the 
recognized groups of Shorea, the largest genus in this 
family, which, because of its valuable timber and other 
economic products, has received a great deal of 
attention from the forestry officers and official 
taxonomists in the Indomalaysian countries. 
Consideration of the phenolic constituents of the 
leaves of a large number of Dicotyledons has indicated # 
that three characters are particularly valuable from 
the taxonomic point of view: presence or absence 
of leuco-anthocyanins ; presence or absence of 
vicinal trihydroxy groupings in the phenolic con- 
stituents ; and the presence or absence of the poly- 
hydroxy and hydroxymethoxy aromatic acids, caffeic, 
ellagic, ferulie and sinapic acids. It is often of value 
also to note other constituents, not necessarily 
identified, which are present in some, but absent 
from other, species in the same or different genera, 
as indicators of possible relation between the species 
possessing them. 
The results of the chromatographic examination 
of the hydrolysates of the leaves of the 28 species 
are given in Table 1. The constituents recorded are, 





Dr. T. C. WHITMORE 


Botany School, University of 
Cambridge 


from left to right, in order of increasing Ry in aqueous 
acetic acid-hydrochloric acid (Forestal solvent), 
M = myricetin, D = delphinidin (formed from leuco- 
delphinidin), H = ellagic acid, Q = quercetin, Cy = 
cyanidin (formed from leucocyanidin), K = kaemp- 
ferol, Caff = caffeic acid, S = sinapic acid, F = feru- 
lic acid. In the last column are recorded other consti- 
tuents visible in the ultra-violet, with their Rp values 
in Forestal solvent and their appearance in ultra-violet 
before and after (—-) fuming in ammonia vapour. The 


abbreviations used are 6l. = blue, brn. = brown, 
gr. = green, V. = violet, y. = yellow, br. = bright, 


d. = deep, dk. = dark, f. = faint, l. = light, v. = 
very. Sinapic acid and ferulic acid are identified on a 
separate chromatogram run in toluene—acetic acid‘. 

The genera are listed in the order given by 
Symington>. The species are listed in alphabetical 
order within the genus, except for Shorea which is 
divided into groups according to the same author. 
Symington considered these groups to be natural 
subdivisions of the genus, perhaps worthy of generic 
status, but was not prepared to give them definite 
botanical names or status until the whole genus was 
revised taxonomically. This revision has still not 
been made for it awaits the collection and description 
of the rich Bornean dipterocarp flora. Desch*.’, 
working on the timbers of Shorea, independently 
established four groups based mainly on gross timber 
characters which correspond closely to Symington’s 
subdivisions. The groups are named B = balau, Y, W 
and R = yellow, white and red meranti respectively ; 
within each there is considerable homogeneity in 
characters of the living trees, including the colour of 
the wood and sliced bark and the dead leaves. 


Table 1 
er Ries m | | ae ge ae) . : 
Species Div. M D E Q | Cy K | Caff; S F Other constituents 
Shorea foxworthyi Sym. B - - - ? _ (+) + d. purple-brn., ef. gallic 
| acid, 0-61 
kunstlert King B : yn + er, - dull y., 0-73 
maxwelliana King B (+) L = (+) b1.-V. — br.gr., 0-69; 
bl.-V. + 1.,0°9 
maxima (King) Sym. r ig ? (+) bL.-V. —+v.br.b6l.-gr., 0°73 
multiflora (Burek.) Sym. Yr (+) ~ ? intense br.61.,0°69; V.,0°8 
bracteolata Dyer Ww + + 
curtisii Dyer ex King R + . ? (+) } 
hemsleyana (King) King 
ex Foxw. R >, 0°77 | 
leprosula Mia. R ? } 
a singkawang (Miq.) Burek R >f.y.,0°7 | 
Hopea beecariana Burck 61.-V. — br.gr., 0°7 
mengarawan Mig. : 
nutans Ridl. (+) v.d.bl, > v.br.bl., 0-68 
odorata Roxb. v.d.bl. + v.br.bl., 0-68 
sangal Korth. | + 
subalata Sym. - + | (4 ? intense br.bl., @-72 


~ 


ialanocarpus heimii King 
terocarpus baudii Korth. 
re costulatus V. SI. ae: rn ? 
crinitus Dyer ' " > 
es kerrii King | + | _ 
/vobalanops aromatica Gaertn. f. i at a + (+ 
, oblongifolia Dyer a oo a pa 
nisoptera laevis Rid. - | 
itica nitens King } n = 
stapfiana (King) V. SI. —- | + rom 
wallichii Dyer | 4.4 . 
2una bornensis | = - - 


C+) | 
ie | 
+ » | | 
(+) | greenish, 0:86 
2 (+) | 
+ Vi. y., 0-61 
(+) dk, — dull y., 0°79 


qgr., 0-79 
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The data in Table 1 suggest that the genera can 
be arranged in groups, in the first instance according 
to the abundance and type of the leuco-anthocyanins 
present. Dipterocarpus and Dryobalanops, abundant 
with consistent Z—D; Shorea (and one Vatica sp.) 
less abundant, with both Z-—D and L-—Cy; Hopea, 
Balanocarpus, Anisoptera, and two Vatica spp. with 
little or no ZL-A; and Upuna with none of the 
common phenolic constituents. 

Dipterocarpus and Dryobalanops agree also in 
having consistent and often abundant myricetin, and 
no subsidiary constituents. In both Shorea and Hopea 
many of the species have a subsidiary constituent 
Rr 0-68-0-7 with intensely blue fluorescence, which 
may or may not be the same in all species. These 
two genera have also numerous other subsidiary 
constituents. Hopea, Balanocarpus, and one or two 
Shorea spp. also have caffeic acid, absent from the 
other genera. All the genera except Anisoptera and 
Upuna have ellagic acid, Shorea foxworthyi having in 
addition (probably) gallic acid. 

Overall the grouping suggested is: Dzipterocarpus 
with Dryobalanops ; Shorea with Hopea and Balano- 
carpus ; Vatica rather closer to Shorea than to Hopea ; 
Anisoptera and Upuna uncertain. 
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The groups of Shorea are not very distinct ; neither 
yellow nor white meranti have m.ich L—A, and Z-D 
is absent from both sections, but species in both the 
balau and the red meranti groups have the same 
constitution. The nature of the pigments responsible 
for the colours of the sliced bark is unknown ; it is 
not even known whether they are phenolic, so that 
there is no prima facie reason to expect that the 
phenolic constituents in the leaves would follow the 
proposed subdivision of the genus. 

One further point is worth making: Balanocarpus 
Bedd. has become a repository for all wingless fruited 
dipterocarps. B. heimii should probably be included 
in Hopea on floral characters® and wood characters’ ; 
and now we can reach the same conclusion from the 
chemistry. The suggested regrouping of other species 
is also supported by the present evidence. 
1Rate-smith, E. C., Sci. Proc. Roy. Dublin Soc., 27, 165 (1956). 

. a E. C., and Metcalfe, C. R., J. Linn. Soc. (Bot.), 55, 669 
3 Bate-Smith, E. C. (in preparation). 
‘ Bate-Smith, E. C., Chem. and Indust., 1457 (1954). 
5 Symington, C. F., “Foresters’ Manual of Dipterocarps”’, Malay. 
For. Rec., No. 16 (1941). 
“Commercial Timbers of the Malay Peninsula. (1) The 
Genus Shorea”, Malay. For. Rec., No. 12 (1936 


7Desch, H. E., “Dipterocarp Timbers of the Malay Peninsula” 
Malay. For. Rec., No. 14 (1941). 


PLANT-GROWTH SUBSTANCES AND THE COPPER CHELATION 
THEORY OF THEIR MODE OF ACTION 


By Cr. C. H. FAWCETT 


Agricultural Research Council Unit on Plant-Growth Substances and Systemic Fungicides, 
Wye College, University of London 


OLLOWING the observations that certain com- 
pounds possessing chelate groups can exhibit 
significant plant growth-regulating activity’, several 
workers have been trying to demonstrate the con- 
verse, namely, that highly active plant-growth regu- 
lators can react with metal ions to form chelate 
complexes. The discovery by Cohen, Ginzburg and 
Heitner-Wirguin? that the ultra-violet absorption 
spectra of 3-indolylacetic acid and 1-naphthylacetic 
acid are profoundly altered in presence of cupric, 
but not calcium or magnesium ions, led them to 
postulate that the cupric ion reacted with the 
carboxyl group in these acids to form a copper com- 
plex which then formed a chelate by employing the 
aromatic ring as the second complexing group. 
After repeating their experiments using solutions 
obtained by dissolving cupric nitrate trihydrate in 
50 per cent aqueous ethanol, I observed that with 
3-indolylacetic acid the optical density of each 
solution in the series measured at 360 my did not 
remain constant but tended to increase slowly (ef. 
ref. 3). Since with cupric nitrate and 1-naphthylacetic 
acid, measured at 330 muy, the optical density of each 
solution remained constant for several minutes, this 
system was used for comparison with the cupric 
nitrate/1- naphthoic acid system measured at 348 mu. 
It was found that the relationship between optical 
density and acid/copper ratio is similar for both 
1-naphthylacetic acid (Fig. 1) and 1-naphthoic acid. 
Thus, the enhancement of ultra-violet absorption is 
not limited to the highly active 1-naphthylacetic acid 
but occurs also with the relatively inactive 1-naphthoic 
acid. 
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Fig. 1. Optical density of copper/1-naphthylacetic acid complex 


(330 my, 1 em. cells, pH ~ 3-6) in 50 per cent aqueous ethanol. 

x, Concentration of added cupric nitrate varied as shown with 

concentration of 1-naphthylacetic acid constant at 2 x 10-*M; 

©, concentrations of added copper 1-naphthylacetate 10-? M 

and nitric acid 2 x 10-7 M; @, concentrations of added copper 

1-naphthylacetate 10-? M, nitric acid 2 x 10-?M and cupric 
nitrate 10-* M 
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Fig. 2. The relationship between the initial pH of 50 per cent 

aqueous ethanol, containing the acid indicated, and the decrease 

in pH, (A), on dissolving 4-83 mgm. cupric nitrate trihydrate in 

10 ml. Acids added to obtain initial pH: 1 nitric, 2 formic, 3 

2: 4-dichlorophenoxyacetic, 4 1-naphthoic, 5 succinic, 6 benzoic, 

acetic, 8 1-naphthylacetic, 9 3-indolylacetic and 10 trimethyl- 
acetic acid 





The general reaction in aqueous ethanol between 
cupric nitrate and l-naphthylacetic acid can be 
written : 

(50 per cent aqueous ethanol) 
2C,,H,CH,COOH + Cu(NOQ;), == 
Cu(C,,H,CH,COO), + 2HNO, 


In writing this equation the various ionic species 
which may exist in solution have, for simplicity, 
not been characterized. For each 1-naphthylacetic 
acid/copper ratio the optical density of the solution 
at constant temperature should be independent of 
whether the equilibrium is attained by using reactants 
which give the forward reaction or reactants which 
give the reverse reaction. Accordingly, cupric 
l-naphthylacetate was synthesized and used stoichio- 
metrically with nitric acid in aqueous ethanol to give 
the reverse reaction and reconstitute the solution 
having a ratio 1-naphthylacetic acid/copper equal to 
2-0. The optical density of this solution in which 
the reverse reaction had occurred was found to be 
identical with that of the solution containing the 
products of the forward reaction (Fig. 1). Further- 
more, addition of cupric nitrate, sufficient to lower 
the 1-naphthylacetic acid/copper ratio to 1-0 in these 
reconstituted solutions, increased the optical density 
to the value found for this ratio when using the 
reactants of the forward reaction (see Fig. 1). Since 
the equilibrium may be reached from either side 
without adding a chelate group, it is concluded that 
&@ reaction involving chelation is not required to 
account for the exaltation of ultra-violet absorption 
given by cupric nitrate with 1-naphthylacetic 
acid, 

By measuring the pH Cohen et al.? also confirmed 
that cupric nitrate reacted differently from calcium 
and magnesium nitrates when added to solutions of 
3-indolylacetic acid and l-naphthylacetic acid in 
aqueous ethanol. Furthermore, they found 
that while the pH of these acids in solution was 
lowered due to release of hydrogen ions by complex- 
ing of the copper ion with the carboxyl group, yet 
under the same conditions only slight complexing 
occurred with acetic acid or indole. The results were 
interpreted as evidence for the entire aromatic ring 
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functioning as a second complexing group, thus 
resulting in chelate formation. 

In a study using aqueous ethanol solutions of 
several closely related acids, comprising active and 
inactive growth regulators, it was found that in 
general the addition of cupric ions lowers the pH. 
Some of the results are shown in Fig. 2. The observed 
pH changes, however, do not correlate with plant 
growth-regulating activity; thus, the aromatic carb- 
oxylic acids (for example, benzoic and 1-naphthoic), 
and the alkanecarboxylic acids (for example, formic, 
acetic and trimethylacetic), which are all inactive 
in the wheat cylinder elongation test, exhibit an 
effect in presence of copper ions similar to that found 
with highly active 3-indolylacetic acid, 1-naphthyl- 
acetic acid and 2: 4-dichlorophenoxyacetic acid. 
Furthermore, the results show no difference which 
would indicate the occurrence of chelation involving 
the aromatic ring (Fig. 2). 

In the pH range studied two mechanisms 0, 
hydrogen ion formation are apparent. Mechanism If 
which operates over a pH region known to be of 
considerable physiological importance in plant cells, 
produces a large effect (A), which is the same for all 
the different compounds examined (Fig. 2). It is 
significant that at higher initial pH values, that is, 
when the concentration of carboxylic acid for adjust- 
ing the pH is decreasing, the effect (A) obtained by 
adding the copper salt is increasing linearly ; and 
when no carboxylic acid is added to the aqueous 
ethanol solvent the effect (A) is the largest throughout 
the pH range investigated. The results lead to the 
conclusion that the effect (A) between pH 5:4 and 7 
depends upon hydrolysis and they indicate that 
hydrogen ion formation occurs by a reaction of the 
following type : 


[Cu(H,0),]+ = [Cu(OH) (H,0);-,]+ + H+ (1) 


The cupric ion is represented here as described by 
Orgel, and the reaction written by analogy with his 
example for iron’. On the other hand, mechanism II 
appears limited to the pH region below about 5-4. 
The effect (A) is smaller, different for the different 
structures examined, and zero for nitric acid. There 
appears to be a correlation between the effect (A) 
and the pK value of each acid and further work on 
this aspect is proceeding. The results suggest that 
hydrogen ion formation by mechanism II depends 
upon salt (that is, complex) formation, which, 
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Fig. 3. The relationship between the initial pH of 50 per cent 
aqueous ethanol, containing the acid indicated, and the decrease 
in pH, (A), on dissolving 4-83 mgm. cupric nitrate trihydrate 
in 10 ml. i 
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ignoring hydration, can be represented by an ionic 
reaction of the type: 


nHA + Cur = Cu(A),!?"" + nH+ (II) 


where HA is a weak acid and n is 1 or 2. Thus, 
these results from pH measurements in the region 
pH 3-5-4 can be interpreted by an equation which 
is an ionic form of the general reaction shown above 
to account for the results obtained by ultra-violet 
absorption determinations. 

When certain carboxylic acids (for example, 
glycollic, citric and aspartic) were examined, in 
aqueous ethanol with cupric nitrate, it was found 
that another operative factor could be demonstrated 
(see Fig. 3). It is clear, therefore, that these acids 
which have the ability to form chelates with copper® 
exhibit behaviour different from the various plant- 
growth substances studied. 


CONTROL OF ANTHERIDIUM FORMATION IN THE FERN 
SPECIES ANEMIA PHYLLITIDES 


By Dr. ULRICH NAF 


Rockefeller Institute, New York 


OPP! demonstrated that an extract from mature 

prothalli of Ptertdium aquilinum hastened the 
onset of antheridium formation in young prothalli 
of this fern species by a few days and in the prothalli 
of Athyrium filix-mas by a few weeks. Dépp cnvisaged 
the possibility that the promotion of antheridium 
formation occurred by way of unspecific growth 
inhibition. Subsequent investigations, though, led to 
the conclusion that the activity of the extract must 
be attributed to a specific factor which controls the 
initiation of antheridia during the normal process of 
development’. 

An assay was devised which took advantage of 
the observation that the prothalli of Onoclea sensibilis 
failed to form any antheridia spontaneously under 
the prevailing conditions of culture but responded 
readily when grown on a medium containing extract 
of mature Ptertdium prothalli. Conditions were 
further defined under which the extract from seven- 
week-old prothalli of P. aquilinum was active to a 
dilution of 1: 30,000. This increased the activity 
obtained by Dépp by a factor of about 300. Under 
these same conditions of culture the active substance 
accumulated to almost as high an activity in the 
medium?. 

While the prothalli of both O. sensibilis and P. 
aquilinum responded readily to the active factor 
at young stages of development, they lost their 
responsiveness soon after they assumed heart shape 
and a few days prior to attaining the archegonial 
phase. Once insensitive, the prothalli failed to form 
antheridia even if supplied with the factor at a con- 
centration 15,000 times higher than that sufficient 
to induce antheridia in prothalli just a few days 
younger®. 

Work on the activity spectrum of this factor 
disclosed that it was active toward the repre- 
sentatives tested of seven out of nine sub-groups 
of the family Polypodiaceae listed by Eames? : 
the asplenioids, pteroids!, onocleoids, blechnoids, 
dryopteroids?, gymnogrammoids® and toward 


Woodsia obtusa, a representative of the sub-group 
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Thus, the present evidence does not support the 
concept that plant-growth regulating activity is 
explicable in terms of chelation (cf. ref. 7). 

Iam grateful to Prof. R. 8. Nyholm and Prof. R. L. 
Wain for helpful discussions. 
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woodsioids (unpublished information). Among non- 
polypodiaceous species, only Dennstaedtia punctilobula 
(Dicksoniaceae) was found to be responsive. The 
substance failed to promote antheridium formation 
even at the highest available concentration (half full- 
strength Pteridium medium that was active toward 
the prothalli of O. sensibilis to a dilution of 1 : 30,000) 
in the following fern species: Polypodium aureum 
(Polypodiaceae), Lygodium japonicum, Anemia phylli- 
tides (Schizaeaceae), Osmunda claytonia and 0. 
cinnamomea (Osmundaceae). 

The present account deals with the control of 
antheridium formation in Anemia phyllitides, one of 
these unresponsive fern species. 

The procedures used in the sterilization and inocula- 
tion of the spores have been described elsewhere’. 
A detailed description of the conditions of culture 
and of the medium which contains the inorganic salts 
used by Moore® is given in the same report. Hoag- 
land’s earlier used A-—Z solution of micro-elements 
was replaced with a Hoagland trace element solution 
of simpler composition (mgm./l. of medium : boric 
acid, 2-86; manganese chloride (MnCl,.4H,O), 1-81; 
zinc sulphate (ZnSO,.7H,O), 0-22; molybdenum tri- 
oxide, 0:07; copper sulphate (CuSO,.5H,O), 0-08). 
Tron was added as ferric tartrate. The prothalli were 
cultured in 125-ml. flasks containing 33 ml. of medium 
or in 50-ml. flasks with 12 ml. of nutrient. Unless 
stated otherwise, the media were solidified with 1 per 
cent agar. 

It was observed that prothalli of Anemia phyllitides 
formed antheridia at a very early stage of develop- 
ment, while they were still at the filamentous phase, 
if the spores were inoculated on 35—50-day-old gameto- 
phyte cultures of the same fern species. Prothalli 
superinoculated on 30-day-old cultures attained the 
antheridial phase somewhat later, although still many 
days prior to the contro] prothalli. 

In a subsequent experiment a single 50-day-old 
gametophyte of Anemia phyllitides was placed on the 
agar surface at one side of a seven-day-old culture of 
this same species in 125-ml. flasks. Observations at 








le 


1b 


dail: 
antl 
day! 
pr it 
the 
you 
obse 
intr 
8—I¢ 
appe 
tions 
reac] 
to e 
subs 
This 
that 
was | 
assay 
A. p 
taine 
tion 
(1/3, 
conté 
were 
to th 
Medi 
regul. 
conce 
other 
ducec 
of 49. 
(OCca 
same 
solidi 
centre 
dium 
perce! 
conce 
factor 
discer 
lated 
3 and 
notice 
a con 
assay 
inocul 
explor 
prothe 













8). 


, 972 
142 
ciety 
Com- 


183, 


10n- 
hula 
The 
tion 
fuull- 
vard 
100) 
eum 
ylli- 

0. 


| of 


e of 


ula- 
re’, 
ture 
alts 
Nag: 
ents 
tion 
r« rie 
‘81; 
tri- 
08). 
vere 
jum 
less 


per 


rides 
lop- 
ase, 
eto- 
halli 

the 
any 


old 








. 4689 


September 12, 1959 


3 





62; Fig. 2, x 27 


(Fig. la and 3b, 


Figs. 1-3. 


daily intervals disclosed that young prothalli with 
antheridium initials could be detected within 3-4 
days in the immediate proximity of the mature 
prothallus. 7-8 days following the introduction of 
the mature gametophyte at the side of the flasks, 
young antheridium-bearing prothalli could be first 
observed in the centre, and 12-14 days after its 
introduction at the opposite side of the flask. 
8-10 further days elapsed before antheridium initials 
appeared in the control cultures. The above observa- 
tions suggested that, as the prothalli of A. phyllitides 
reached a certain stage of development, they began 
to elaborate, and to secrete into the medium, a 
substance controlling the induction of antheridia. 
This hypothesis gained in likelihood when medium 
that had supported the growth of Anemia prothalli 
was assayed for antheridium-inducing activity. The 
assays were conducted by inoculating spores of 
A. phyllitides on fresh nutrient medium which con- 
tained the medium of the Anemia cultures at a dilu- 
tion series with a dilution factor of approximately 3 
(1/3, 1/10, 1/30, 1/100, ... ). 50-ml. flasks which 
contained 12 ml. of medium were used. The assays 
were read 18 days after inoculation, 11-12 days prior 
to the onset of spontaneous antheridium formation. 
Medium of 29-day-old or younger cultures was 
regularly inactive even at 1/3 full strength, the highest 
concentration of Anemia medium tested. On the 
other hand, the medium of 39-day-old cultures in- 
duced antheridia to a dilution of 1 : 30, the medium 
of 49- and 59-day-old cultures to a dilution of 1 : 100 
(occasionally 1 : 300), and 1 : 300, respectively. The 
same activity was encountered in liquid and agar- 
solidified media. Whereas the lowest effective con- 
centration of Anemia medium brought about antheri- 
dium formation in only 1 out of 4-20 prothalli, the 
percentage of responding prothalli rose to 100 as the 
concentration of the active factor was increased by a 
factor of 3-10. Antheridium initials could be first 
discerned about 9 days after the spores were inocu- 
lated (the bulk of the spores germinated between 
3 and 5 days following inoculation). It was further 
noticed that activity could be regularly detected at 
a concentration lower by a factor of about 3 if the 
assay was read 18 instead of 12 days following 
inoculation. The reason for this remains to be 
explored. Fig. la shows a 12-day-old Anemia 
prothallus with 3 antheridia (see arrows) which were 
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: initiated in response to 1/30 full 
strength Anemia medium (active to 
a dilution of 1 : 300), while control 
prothalli in cultures of the same age 
(Fig. 1b) and even in 25-day-old cul- 
tures (Fig. 2) were invariably free 

of antheridia. 
Figs. 2 and 3 show further that 
c the maturing prothallus has a lat- 
eral meristem (arrow a), a phe- 
nomenon encountered in only a few 
fern species’. The first spontane- 
ously formed antheridium, which 
would probably have arisen on the 


prothallus pictured in Fig. 2 in 
about 4-5 days, is invariably 
initiated from a marginal cell a 
short distance behind the meri- 
stematic initial. Marginal cells 
afterwards cut off by the meri- 


stematic initial toward the base of 
the prothallus also give rise to 
antheridia that ultimately a 
whole row of them can be seen (marked 6 in the 35- 
day-old prothallus of Fig. 3.) In contrast, the mar- 
ginal cells cut off by the initial toward the tip of the 
prothallus fail to form antheridia even in the presence 
of added Anemia factor. Instead, some of them give 
rise to hook-shaped hairs (Fig. 3, arrow c). Once the 
first antheridium initial has been formed marginally, 
others arise on cells inside the prothallus (3 of about 
18 such antheridia are indicated by arrows). 

The area of spontaneous antheridium formation 
always remains restricted, however. Thus, antheridia 
never arise in thé part of the prothallus anterior to the 
lateral meristem. Again, the zone of antheridium 
formation in the posterior region does not stretch 
across the whole prothallus ; instead, it extends about 
halfway or less inside the prothallus from the margin 
of the cell plate which bears the lateral meristem 
(the zone is marked by a black broken line on Fig. 3). 
The other half of the posterior region remains free 
of antheridia except for the occasional occurrence of 
1-3 antheridia in marginal cells. 

Observations following the application of the 
active substance to cultures of various ages showed 
that young prothalli responded with antheridium 
formation throughout most of their body. As the 
age of the prothalli increased, the responding area 
gradually contracted to that described for spon- 
taneous antheridium formation. The loss of sensitivity 
in the anterior part of the prothallus preceded the 
contraction in the responsive area of its posterior 
region. 

Information was obtained concerning the time lag 
between the application of the active substance and 
the first detection of antheridium initials. Liquid 
medium of 50-day-old Anemia cultures (active to 
1 : 300) was applied to 12-day-old and to 18-day-old 
Anemia cultures which were grown in 50-ml. flasks 
containing 12 ml. of agar-solidified nutrient. 3 ml. 
of the Anemia medium was applied to each flask, 
to some at full strength, to others at dilutions of 
3, 4, 4 and 1/16. The control cultures received 
an equal amount of fresh medium. Antheridium 


20) 


so 


initials (semicircular outgrowths of vegetative cells 
that were not as yet cut off by a cell wall) first ap- 
peared between 1 and 14 days following the applica- 
tion of the active substance and in the 18-day-old 
cultures. In contrast, the appearance of antheridium 


initials of 


in both 6- and 9-day-old prothalli 
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O. sensibilis followed the application of the Pteridiwm 
factor with a delay of between 24 and 3 days at all 
tested concentrations. 

The first-formed Anemia initials attained the four- 
cell stage, that is, the number of cells contained by 
mature antheridia, between 3} and 4 days after the 
active substance was applied. No difference could 
be detected between the rates at which the first- 
formed antheridium initials attained the four-celled 
stage over the applied range of concentrations. On 
the other hand, an increase from 1/16 to } full 
strength of the added Anemia medium increased the 
proportion of responding prothalli from about 15 to 
100 per cent. If the Anemia factor was supplied to 
5-day-old prothalli which comprised a maximum 
of 3 green vegetative cells, then between 3 and 
33 days elapsed before the first antheridium initials 
could be seen, that is, about 2 days more than 
in both the 12-day-old and the 18-day-old pro- 
thalli. It thus appears that the events leading to 
the appearance of antheridium initials proceed more 
slowly in very young prothalli. Alternatively, the 
very young prothalli may lack competence to respond 
to the active factor. 

As indicated above, the Pteridium factor brings 
about antheridium formation in a large number of 
fern species. It should also be emphasized, though, 
that the minimally effective concentrations vary so 
widely that the prothalli of some species (for example, 
Dennstaedtia punctilobula) must be supplied with that 
factor at a concentration more than a hundred times 
higher than those of other species (for example, 
Onoclea sensibilis). The possibility must thus be 
considered that the induction of antheridia in O. 
sensibilis and in A. phyllitides is controlled by the 
same factor at different ranges of effective concentra- 
tions. Pteridiwum medium (active toward the prothalli 
of O. sensibilis to a dilution of 1 : 30,000) was inactive 
toward the prothalli of A. phyllitides at all concentra- 
tions which, with a dilution factor of 3, ranged from 
4 to 1/100,000 full strength. In turn, the prothalli 
of O. sensibilis were unresponsive toward Anemia 
medium (active toward the prothalli of A. phyllitides 
to a dilution of 1 : 300) at all dilutions which ranged 
again from } to 1/100,000 full strength. 

It is, therefore, difficult to avoid the conclusion 
that the induction of antheridia in A. phyllitides and 
in O. sensibilis is controlled by chemically distinct 
substances. This conclusion receives support from 
the demonstration that the antheridium-inducing 
activity of the Anemia medium is stable to boiling 
for 10 min. at pH 12, while the Pteridiwm factor was 
labile under those conditions?. The antheridium- 
inducing activity of the Anemia medium was further 
found to be stable to boiling for 10 min. at pH 2 
and to autoclaving at pH 5-4, the pH of the culture 
medium ; it was destroyed upon ashing and adsorbed 
on charcoal. The latter properties are similar to 
those of the Pteridium factor?. 

The Anemia factor failed to promote antheridium 
formation in prothalli of Osmunda claytonia (checked 
15 days after inoculation, 2 days prior to the onset 
of spontaneous antheridium formation), which were 
also unresponsive to the Pteridium factor. The 
prothalli of Lygodium japonicum, another species un- 
responsive toward the Pteridium factor, were shown 
to elaborate, and to secrete into the medium, a sub- 
stance which greatly hastens the onset of the antheri- 
dial phase in this fern species which, like A. phyllitides, 
belongs to the family Schizaeaceae. Preliminary 


investigations indicate that this substance is chem- 
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ically distinct both from the Pteridium factor and 
from the Anemia factor. 

It is apparent from these studies that antheridium 
formation is controlled by different substances in 
different groups of ferns. It should also be recalled 
that within the wide range of species responsive to 
the Pteridium factor, the minimally effective con- 
centrations vary widely. Thus, the prothalli of 
Dennstaedtia punctilobula failed to respond unless 
they were supplied with the Péeridiwm factor at 
a concentration about 125 times higher than was 
necessary to induce antheridia in prothalli of 0. 
sensibilis. In the prothalli of Woodsia obtusa the 
minimally effective concentration of the Pteridium 
factor exceeded that required for antheridium 
formation in the prothalli of O. sensibilis by a factor 
of about 25. The possibility must therefore be 
considered that the factors controlling antheridium 
formation in these species are actually different but 
structurally so closely related that the factor pro- 
duced by P. aquilinum is capable of bringing about 
antheridium formation also in Dennstaedtia puncti- 
lobula and in Woodsia obtusa if it is supplied at a 
high enough concentration. Raper® also considers 
the possibility that hormonal specificities account 
for the failure to obtain oospores in some of the 
attempted inter-species and intergeneric crosses of 
water moulds. 

The above results raise a question of biological 
specificity. The work of Kluyver and Van Niel has 
directed attention to the similarity, even identity, 
of many basic biochemical patterns in taxonomically 
widely separated organisms. It is tempting to 
postulate that the metabolism associated with 
antheridium formation, an event that we conceive 
of mainly in morphological terms, is also similar in 
different fern species. The above results may be 
reconciled with such a postulate if we consider that 
the induction of an antheridium is likely to involve 
many reactions and compounds. Antheridium 
formation in P. aquilinum might thus be controlled 
by a different factor than in A. phyllitides because a 
different reaction became rate-limiting during evolu- 
tion. Alternatively, we might be witness to evolution 
on a molecular level. On this assumption the inducing 
molecule has undergone a gradual structural modifica- 
tion probably concomitantly with changes in a 
receptor molecule. The isolation and characterization 
of the two substances should yield pertinent informa- 
tion. In the meantime, an attempt is being made to 
assay for similarity between the two factors based 
on the postulate that one factor might be a precursoa 
of the other or that one factor might behave as e 
chemical analogue of the other and thus interfers 
with its synthesis or with the function it performr 
in the initiation of antheridia. 

I am grateful to Dr. Armin C. Braun for the 
encouragement he has given this investigation and 
for a critical reading of the manuscript. I am also 
indebted to Drs. Ralph H. Wetmore and Max Ward 
for supplying plants and spores of A. phyllitides. 

This investigation was supported in part by 4 
National Science Foundation Research Grant (G-3225). 
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SOCIETY FOR ANALYTICAL CHEMISTRY (at the Chemical Society, 


an 


Fii 
UNIVERSITY OF LONDON (in the Physiology Theatre, 
( 


m 
S.WW.1), at 6.15 p.m.—Dr. M. E. 
Micro-Organisms” ; Dr. R. M. Jackson : 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, November 2 


[INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS and CoM- 


MI Lg re * SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m. 


E. Karbowiak : Te Comme nts on the Classification of 
ve Be) les Modes’; Mr. Lewin: “Some Comments on Quasi- 
ical Methods at inultmetre Wave-lengths”’. 


NIVERSITY OF LONDON (at the School of Oriental and African 
lies, London, W.C.1), at 5.30 p.m.—Prof. A. de Almeida (Lisbon) : 
iepes—a Native People from the MocAamedes Desert’’. (First of 
» lectures on “The Non-Bantu Peoples from Angola”. Further 
tures on November 3 and 5. 

\CIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
iare, London, S.W.1), at 6.30 p.m.—Dr. Otto Horn: ‘‘Chemical 
arch in Germany” 





Tuesday, November 3 


UNIVERSITY OF LONDON (in the Anatomy Theatre, — 
liege, Gower Street, London, W.C.1), at 1.15 p.m.—Mr. N. J. B. 
mley: “The Tasmanians: an Extinct Race’’.* 


‘STITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
ROL SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 

Gleghorn: ‘An Analogue Electronic Multiplier using Tran- 
rs as Square-Wave Modulators’’. 

UNIVERSITY OF LONDON (at Imperial College of Science and Tech- 
ogy, London, 8.W.7), at 5.30 ,P-m. —Prof. E. C. Cherry: ‘‘Tele- 
munication as Social Science” (Inaugural Lecture). 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
pical Medicine, Keppel Street, Gower Street, London, W.C.1), at 
)p.m.—Dr. J. M. Mitchison: “The Life Cycle of Growing Cells’’. 
th of fifteen lectures on ‘‘The Scientific Basis of Medicine” organized 
the British Postgraduate Medical er ee Further lectures on 
ember 5, 10, 12, 17, 19, December 1, 3, 8, 10.) 
ree S INSTITUTE (at the Wellcome Paling 183-193 Euston 
London, N.W.1), at 6.30 p.m.—-Dr. W. F. Watson: “Recent 
inces in Synthetic Rubbers”’ 








PLASTICS AND POLYMER GROUP 

$ Belgrave Square, London, S.W.1), at 6.30 p.m.—Dr. G. F. C 
tt: “* ‘Delrin’ Acetal Resin’’. 

[EXTILE INSTITUTE (at the Chemical Soci*ty, 

cadilly, London, W.1), at 6.30 p.m.—Mr. J. 
‘fing’. 


Burlington House, 
David: ‘Modern 


Wednesday, November 4 


KITISH INSTITUTION OF RADIO ENGINEERS (at the London School 
“Hy; giene and Tropical Medicine, Keppel Street, Gower Street, 
1), at 3 p.m. and 6 p.m.- -Half-day’ Symposium on 

put/Output Devices’’. 

[NSTITUTE OF PETROLEUM (at 61 Ne Ww Cavendish Street, 

), at 5.30 p.m.—Mr. W. S. Ault: ‘Oil and Transport”’. 
RUYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 


“Ocean Currents’’. 





London, 


‘lington House, Piccadilly, London, W.1), at 7 p.m.—Meeting for 
iding of Original Papers. 


Thursday, November 5 


a OF LONDON (at the Postgraduate Medical School of 
lon, Ducane Road, London, W.12), at 4 p.m.—Dr. T. Alper, 
M. Ebert and Dr. R. H. Thomlinson : 
iation—General Survey”. (First of six lectures. 
November 12, 19, 26, December 3 and 10.)* 
ROYAL SOCIETY (at Burlington House, Piccadilly, London, W.1), at 
p.m.—Prof. A. V. Hill, F.R.S., and Mr. J. V. Howarth: “The 
‘rsal of Chemical Reactions in Contracting Muscle During 
\pplied rg ene Mr. F. W. Darwin and Dr. J. W. Pringle, 
-R 5.: “The Physiology of Insect Fibrillar Muscle. 1 te tomy and 
rvation of the Basalar Muscle of Lamellicorn Beetles’?; Mr. 
. Machin and Dr. J. W. S. Pringle, F.R.S.: ‘The Physiology 
isect Fibrillar Muscle. 2: Mechanical Properties of a Beetle 
t Muscle’’. 


Further lectures 


University 
ge, Gower Street, London, W.C.1),at 5 p.m.—Dr. P. N. Campbell : 
Synthesis of Protein by the Cytoplasmic Components of Animal 
(First of three lectures. Further lectures on November 12 


19.) 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 


2), at 5.30 p.m.—Mr. M. 
‘adiation in Industry”’’. 


C. Crowley-Milling: ‘The Application 


‘IVERSITY OF LONDON (at the London School of Hygiene and 
cal Medicine, Keppel Street, Gower Street, London, W.C.1), at 
p.m.—Prof. G. Pontecorvo: ‘‘Genetic Analysis via Somatic 
(Seventh of fifteen lectures on ‘“‘The Scientific Basis of Medi- 
’ organized by the British Postgraduate Medical Federation. 
her lectures on November 10, 12, 17, 19, December 1, 3, &, 10.)* 
SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (joint 
ng with the Agriculture Group, at 14 Belgrave Square, London, 
Brown: “‘Plant Roots and Soil 
“The Ecological Significance 
© Rhizosphere”’. 
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Friday, November 6 


INSTITUTE OF Puysics (at 47 Belgrave Square, London, S.W.1), at 
6 p.m.—Mr. R. D. Moore: ‘‘The Role of Physics in the Investigation 
and Treatment of Heart Disease” 

SOCIETY OF DYERS AND COLOURISTS (at the Royal Society, Burling- 
ton House, Piccadilly, London, W.1), at 6 p.m.—Mr. D. F. Anstead : 
“The Use of Colour in Cosmetics’. 

SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 
14 Belgrave Square, London, S.W.1), at 6.30 p.m.—Dr. B. C. L. 
Weedon: ‘Electrolytic Methods in Preparative Organic Chemistry’”’. 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Prof. H. Bondi, F.R.S.: ‘‘What Goes On Inside the Stars”. 


Saturday, November 7 


LONDON County CoUNCIL (at the Horniman Museum, London 
Road, Forest Hill, London, 8.E.23), at 3.30 p.m.—Mr. B. B. Boycott: 
**Devilfish—Octopuses, Squids and Cuttlefishes’’.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

DIRECTOR and an ASSISTANT DIRECTOR of the British Institute of 
History and Archeology in East Africa (Headquarters at Dar es 
Salaam and Kampala)—The Secretary, The British Academy, Bur- 
lington House, Piccadilly, London, W.1 (November 10). 

LECTURER (preferably with special experience in the field of organic 
chemistry) IN CHEMISTRY at Victoria University of Wellington, New 
Zealand—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (New Zealand, 
November 15). 

IMPERIAL CHEMICAL INDUSTRIES FELLOW (preferably under 29 years 
of age) at Durham or Newcastle for research in Engineering, Chemistry, 
Physics and allied subjects, including the biological application of 
chemistry—The Registrar, University Office, 46 North Bailey, Durham 
(November 16). 

PLANT PHYSIOLOGIST (honours graduate in science or agricultural 
science (or equivalent) with some years relevant postgraduate research 
experience) at the Irrigation Research Station, C.S.1.R.O., Griffith, 
New South Wales, Australia, to investigate effect of water stress in 
plantsin new laboratories containing controlled environment chambers 
—Chief Scientific Liaison sg Australian Scientific Liaison Office, 
Africa House, Kingsway, London, W.C.2, quoting Appointment 
No. 500/115 (November 20). 

MULLARD RESEARCH FELLOW (preferably with a Ph.D. degree or 
equivalent research experience) IN PHyYsics for research in various 
branches of solid-state physics, with particular reference to defects, 
semiconductor or surface properties—The Registrar, University 
College of North Staffordshire, Keele, Staffs (November 30). 

PRINCIPAL (with high academic qualifications, wide experience in 
administration, and conversant with developments in technological 
education)—The Clerk to the Governing Body, Battersea College of 
Technology, London, S.W.11 (November 30). 

SENIOR LECTURER IN PHYSICAL CHEMISTRY IN THE DEPARTMENT 
OF CHEMISTRY AND CHEMICAL ENGINEERING—Prof. F. Sebba, Professor 
of Physical Chemistry, University of the Witwatersrand, Milner Park, 
Johannesburg, South Africa (November 30). 

LECTURER IN THEORETICAL PHYSICS, and a LECTURER IN PHYSICS 

The Registrar (Room 22, O.R.B.).The University, Reading (Decem- 
ber 7). 





REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Forestry Commission. Bulletin No. 31: Code of Sample Plot 
Procedure. By Dr. F. C. Hummei, G. M. L. Locke, J. N. R. Jeffers and 
J. M. Christie. Pp. v+113. (London: HM. Stationery Office, 1959.) 
15s. net. [138 

Commonwealth Bureau of Helminthology. Supplement to the Nema- 
tode Parasites of Plants Catalogued Under Their Hosts, 1955-1958. 


By Dr. J. Basil Goodey, Dr. Mary T. Franklin and David J. Hooper. 
Pp. iii+66. (Farnham Royal: Commonwealth Agricultural Bureaux, 





1959.) 7s. 6d. {138 
Chelsea College of Science and Technology. Prospectus, Session 
1959-60. Pp. 35. (London: Chelsea College of Science and Tech- 
nology, 1959.) {188 
Library Association. Special Subject List No. 30: Handicapped 
Children in Britain—Their Problems and Education. Compiled by 
Mrs. W. A. Axford. (Books and Articles published in Great Britain 
from the 1944 Education Act to 1958.) Pp. 53. (London: Library 
Association, 1959.) 4s. {188 
Current Medical Research: a reprint of the articles in the Report 
of the Medical Research Council for the year 1957-1958. Pp. iii+46. 
(London: H.M. Stationery Office, 1959.) 3s. 6d. net. {188 
World Power Conference. Annual Report, 1958. Pp. 20. (London: 
World Power Conference, 1959.) [188 
Ministry of Agriculture, Fisheries and Food. Fishery Investiga- 
tions, Series 2, Vol. 22, No. 7: The Spawning of the Plaice 
Sarat! platessa) in the North Sea. By A.C. Simpson. Pp. iii+111. 
(London: H.M. Stationery Office, 1959.) 37s. 6d. net. [188 
Report of Her Majesty’s Civil Service Commissioners for the period 
1st April, 1958 to 31st March, 1959. Pp. 35. (London: H.M. Stationery 
Office, 1959.) 2s. 6d. net. [109 
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Planning, Vol. 25, No. 435 (24 August 1959): The Work of News- 
paper Trusts. Pp. 133-160. (London: Political and Economic Plan- 
ning, 1959.) 3s. 6d. {109 

Annual Report of the Yorkshire Philosophical Society for the year 
1958. Pp. 15. (York: Yorkshire Philosophical Society, 1959.) [109 

Department of Scientific and Industrial Research. Hydraulics 
Research 1958: The Report of the Hydraulics Research Board with 


the Report of the Director of Hydraulics Research. Pp. vi+74+8 
plates. (London: H.M. Stationery Office, 1959.) 5s. 6d. net. {109 


Ministry of Agriculture, Fisheries and Food. Domestic Food Con- 
sumption and Expenditure, 1957: Annual Report of the National 
Food Survey Committee. Pp. vi+137. (London: H.M. Statione ry 
Office, 1959.) 8s. 6d. net. [109 

Royal College of Science and Technology, Glasgow. Prospectus 
of Full-time Courses for the One hundred and sixty-fourth Session, 
beginning 5th October, 1959. Pp. 128. (Glasgow: Royal College of 


Science and Technology, 1959.) [109 
Other Countries 

Commonwealth of Australia. Department of Supply: Australian 

Defence Scientific Service. Annual Report of yhe Defence Standards 


Laboratories for the year ended 30th June, 1958. Pp. iv+56. (Mari- 
byrnong, Vic.: Defence Standards Laboratories, 1959.) [78 

Indian Council of Agricultural Research. Bulletin No. 79: South 
Indian Cardamoms and Their Agricultural Value. By P. Abraham and 
G. Thulasidas. Pp. vi+27. (Delhi: Manager of Publications, 1958.) 
Rs.3; 58. [78 

Research Facilities of the United States Fishery Laboratory, 
Beaufort, North Carolina. Pp. 12. (Washington, D.C.: Government 
Printing Office, 1959.) {108 

Metropolitan Life Insurance Company. Statistical Bulletin Vol. 40 
(June 1959): Population Outlook for 1970. American Wives and 


Mothers. Sex Difference in Cancer Mortality. Decrease in Frequency 
of Drowning. Pp. 12. (New York: Metropolitan Life Insurance 
Company, 1959.) [108 

United States Department of Agriculture. Leaflet No. 450: Horse 


Bots: How to Control Them. Pp. 8. (Washington, D.C. : Government 
Printing Office, 1959.)- 5 cents. 108 

Sudan Government : Ministry of Agriculture. Annual Report of the 
Research Division, 1953/54. Pp. ii+235. (Khartoum: Ministry of 
Agriculture, 1956.) {108 

Report of the King Institute of Preventive Medicine, Guindy, for 
the period from 1st April 1955 to March 31st 1956. By Dr. S. Govin- 
darajan. Report of the Government Analyst, Madras. by Sri S. 
Narayana Ayyar. Pp. 96. (Madras: Controller of Stationery and 
Printing, 1959.) [108 

Commonwealth Scientific and Industrial Research Organization, 
Australia. Division of Fisheries and Oceanography Technical Paper 
No. 7: The Primary External Water Masses of the Tasman and Coral 
Seas. By D. J. Rochford. Pp. 28. (M:?lbourne: Commonwealth 
Scientific and Industrial Research Organization, 1959.) [108 

United States Department of the Interior: Fish and Wildlife 
Service. Research Report No. 51: Fluctuations in the Commercial 
Fisheries of Saginaw Bay, 1885 -1956. By Ralph Hile and Howard J. 
Buettner. Pp. iv+38. 25 cen‘ Fishery Bulletin No. 149: Grayling 
of Grebe Lake, Sellousiaar viional Park, Wyoming. By Thomas E. 
Kruse. Pp. iv+307-351. 35 cents. Fishery Bulletin No. 151: Flue- 
tuations on the Population of Yellow Perch, Perca flavescenes (Mitchill), 










in Saginaw Bay, Lake Huron. By Salal El-Din El-Zarka. Pp. iv +365- 
415. 40 cents. Fishery Bulletin No. 153: Life History of the Three- 
spine Stickleback Gasterosteis aculeatus Linneaus in Larluk Lake and 
Bare Lake, Kodiak Is oa oo By John Greenbank and Philip 
R. Nelsun. Pp. iv +537-559. 25 cents. ” (Washington, D.C. : Govern- 
ment Printing Office, 1959.) [108 


Northern Rhodesia: Water Development and Irrigation Depart- 


ment. Annual Report for the year 1958. Pp. 7. (Lusaka: Government 
Printer, 1959.) 1s. [108 
Institut pour l’Enucouragement de la Recherche Scientifique dans 


Compte s Rendus de Recherches, No. 23 
International des Re .cherches 
-France. Pp. 73. (Bruxelles : 


I’Industrie et l’Agriculture. 
(Juillet, 1959): Travaux du C rie 
sur le Bas Fourneau Belgique—C.E. 


Institut pour l’Encouragement a ia Recherche Scientifique dans 
l’Industrie et l’Agriculture, 1959.) 65 frances. [108 

British Territories in Borneo: Geological Survey Department. 
Memoir No. 6: The Geology and Mineral Resources of the Jesselton 
Kinabalu Area, North Borneo. By P. Collenette. Pp. xviii+194+ 
53 plates. (Kuching: Government Printer, 1958.) 6 Malayan 
dollars. {108 


Annual Report of the National Museum, Bloemfontein, for the year 
ended 3lst March, 1959. Pp. 18. (Bloemfontein: National Museum, 
1959.) {108 

Commonwealth Scientific and Industrial Research Organization, 


Australia. Division of Land Research and Regional Survey. Katherine 
Research Station—Progress Report, 1946-56. Pp. 6045 plates. 
(Melbourne: Commonwealth Scientific and Industrial Research 
Organization, 1959.) {108 

Western Australia. Report of the Government Chemical Labora- 
tories for the year 1957. Pp. 16. (Extract from the Report of the 
Department of Mines.) (Perth: Government Printer, 1959.) {108 
_ United States Department of Commerce: Weather Bureau. Tech- 
nical Paper No. 29: Rainfall Intensity-Frequency Regime. Part 4: 


Northeastern United States. Pp. iv+35. (Washington, D.C.: Govern- 
ment Printing Office, 1959.) 1.25 dollars. {108 

Commonwealth Scientific and Industrial Research Organization, 
Australia. Soil Publication No. 14: Periodic Phenomena in Land- 
scap2s as a Basis for Soil Studies. By B. E. Butler. Pp. 20. (Mel- 
bourne: Commonwealth Scientitic and Industrial Research Organ- 
ization, 1959.) {108 

Bhulabhai Memorial Institute. The Heritage of Indian Art Series. 
No.1: Tae Gupta Temple at Deogarh. By Madhuri Desai. Pp. 6+24 
plates. No.2: The Temple of Virattanesvara at Tiruttani. By Douglas 
Barrett. Pp. ‘6+ 20 plates. No.3: Hemavati. By Douglas Barrett. 
No. 4: The Brahmapurisvara Temple at Pulla- 
Bhulabhai 


Pp. 6+20 plates. 
By James C. Harle. Pp. ii+24 plates. (Bombay : 
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Memorial Institute, 1958. Distributed by N. M. Tripathi Private, Ltd. 
Rs. 10; 208.; 4 dollars, the set. [108 

Bulletin of the American Museum of Natural History. Vol. 118, 
Article 3: Oceanographic Observations in the Panama Bight, ‘“‘Askoy” 
Expedition, 1941. By Warren S. Wooster. Pp. 113-152. 75 cents. 
Vol. 118, Article 4: Relationships Among the Living Squirrels of the 
Sciurinae. By Joseph Curtis Moore. Pp. 153-206. 1 dollar. (New York : 
American Museum of Natural History, 1959.) [108 

Deutscher Wetterdienst. Deutsches Meteorologisches Jahrbuch, 
1957. Pp. xxxviii+228+5 karten. (Offenbach a.M.: Deutscher 
Wetterdienst, 1959.) 138 

Deutsche Akademie der Wissenschaften zu Berlin. Verdéffentlichun- 
gen des Geoditischen Institutsin Potsdam. Nr. 12: Zur Bestimmung 
der Geoidundulationen aus Freiluftanomallien. Schwerewerte in 
Grossen Hoéhen iiber der Erdoberfliche. Von Kurt Arnold. Pp. 6s. 
17.50 D.M. Nr. 13: Strenge Theorie der Absoluten Lotabweichungen 
als Funktionen der Freiluftanomalien der Schwere. Von Kurt Arnold. 


Pp. 46. (Berlin: Akademie-Verlag, 1959.) [138 
Basteria: Tijdschrift van Nederlandse Malacologische Vereniging 
Vol. 23 (Supplement): The Netherlands as an Environment for 


Molluscan Life. Pp. 176. (Amsterdam: Nederlandse Malacologische 
Vereniging, 1959.) [188 
Annals of the New York Academy of Sciences, Vol. 81, Article 1 
The Cytopathology of Virus Infection. By Robert Love and 36 other 
authors. Pp. 1-214. (New York: New York Academy of Sciences, 
1959.) 4.50 aidiaes, (188 

F.A.O. Picture Sheet No.9: Fishing Boats. Pp. 2. (Rome: Food 
and Agriculture Organization of the United Nations, 1959.) {188 
United States Atomic Energy Commission. Thyroid Radioiodine 
Uptake Measurement: a Standard System for Universal Inter- 
calibration. (ORINS-19, Biology and Medicine). Pp. ix+323. (Wash- 
ington, D.C.: Office of Technical Services, Department of Commerce, 
1959.) 3.50 dollars. {1838 
Research Council of Alberta: Geological Division. Preliminary 
Report 59-1 : Coal Reserves for Strip-Mining, Wabamun Lake District, 
Alberta. By G. Raymond Pearson. Pp. iv+55. (Edmonton, Alberta: 
Research Council of Alberta, 1959.) 50 cents. (188 
World Health Organization. Notification of Communicable Diseases : 
a Survey of Existing Legislation. Pp. 51. (Originally published in the 
International Digest of Health Legislation, 1958, 9, 605-653.) 38. 6d.; 
0.70 dollars; 2 Swiss franes. Technical Report Series, No. 171: 
Mental Health Problems of Aging and the Aged—Sixth Report of the 
Expert Committee on Mental Health. Pp. 51. 3s. 6d.; 0.60 dollars 
2 Swiss francs. (Geneva: World Health Organization ; London : 
HLM. Stationery Office, 1959.) [208 
Canada : Department of Minesand Technical Surveys. Mines Branch 
Information Circular IC 105: The Story of the Early Days of the 
Extraction of Helium “" 1s s from Natural Gas in Canada, 1915-1920. 
By John Satterly. Pp. v+42. (Ottawa: Queen’s Printer, 1959.) 
25 cents. [208 
New Zealand Forest Service: Forest Research Institute. Forestry 
Research Notes No. 15: The Distribution of Stand Merchantable 
Volume by Log-Diameter Classes. By W. G. Warren. Pp. 13. (Welling- 
ton: Government Printer, 1959.) {109 
British Territories in Borneo. Annual Report of the Geological 
Survey Department for 1958. By F. W. Roe. Pp. xii+247+50 plates. 
(Kuching: Geological Survey Department, British Territories in 
Borneo, 1959.) 3 Malayan dollars. [109 
Osservatoric Astrofisico di Arcetri. Annuario per i] 1959. Pp. 59. 
(Firenze: Osservatorio Astrofisico di Arcetri, 1959.) [109 
Instituto de Fomento Algodonero, Bogota. Boletin de Extension 
No. 2: Cultivo del Algodon en Colombia. By Ismael Collazos Rh. 
Pp. 52. Estudios Preliminares de Suelos Departamento del Magdalena 
y la Intendencia de la Guajira. 1: Departamento del Magdalena. Ly 
L. Fernando Irusta e Emilio A. Fortoul S. Pp. viii+97+2 maps. 
2: Intendencia de la Guajira. 











By L. Fernando Trusta e Emilio A 
Fortoul S. Pp. viii+71+21 plates+2 maps. (Bogota: Instituto de 
Fomento Algodonero, 1957.) {109 


Smithsonian Miscellaneous Collections, Vol. 139, No. 7: Early 
Tertiary Apheliscus and Phenacodaptes as Pantolestid Insectivores. 
By C. Lewis Gazin. Pp. 7 +2 plates. (Publication 4385.) (Washington, 
D.C.: Smithsonian Institution, 1959.) {1' 

World Health Organization. Technical Report Series. No. 17 5 
Preventive Aspects in the Teaching of Pathology—Seventh Report of 


the Expert Committee on Professional and Technical Education of 
Medical Auxiliary Personnel. Pp. 30. 1 Swiss frane;: 1s. 9d.; 0.30 
dollars. No. 176 : Role of Hospitals in Ambulatory and Domiciliary 


Medical Care: Second Report of the Expert Committee on Organiza- 
oy of Medical Care. Pp. 32. 1 Swiss france; 1s. 9d.; 0.30 dollars. 
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LETTERS TO 


ASTRONOMY and PHYSICS 


Low-frequency (100 kc./s.) Radio Noise from 
the Aurora 


IXTRATERRESTRIAL radio ‘noise’ has been in- 
tensively studied during the past decade. The steady 
background radiation or ‘cosmic noise’ from inter- 
stellar space has been observed? at frequencies down 
to about 1 Mce./s. and an intensity of about 10-19 
watts per square meter per cycle per second (W.m.-? 
c./s.)-1). Ellis? later showed that cosmic noise at 
lower frequencies could not penetrate the earth’s 
magneto-ionic upper atmosphere. Reber*, however, 
reported observations of steady noise of intensity 
10-7* W.m.-? (c./s.)-! at frequencies of 520 kc./s. 
an! 140 ke./s. This appeared to be correlated with 
sidcreal time and so was claimed to be cosmic noise. 

Recently* extraterrestrial continuous (‘white’) noise 
has been studied in the audio-frequency band. This 
normally shows peak intensity (10-16 W.m.-? (e./s.)-4) 
at around 4 ke./s. It appears to be generated in the 
upper atmosphere by auroral particles®, it is highly 
‘correlated with auroral airglow*, and it has been 
designated ‘hiss’. 

| have also carried out observations of ‘hiss’ at 
Hobart, Tasmania, to provide a comparison with 
those of Ellis at Sydney. Results appeared broadly 
similar but the intensity at Hobart is much higher 
(10-1 W.m.-? (c./s.)-1).. In view of Reber’s observ- 
ations (and similar observations of mine? at 450 ke./s. 
at Macquarie Island) it was decided to operate on 
five frequency channels simultaneously, covering the 
gap from the normal ‘hiss’ frequencies to the con- 
roversial 100 ke./s. band. The centre frequencies of 
hese channels were 4-6, 9-6, 27, 70 and 180 ke./s. 
For the loop antenna and amplifiers used the sensitivity 
increased with frequency, so at the lower two channels 
it was about 10-17 W.m.-? (c./s.)-! and for the higher 
two it was around 10-2! W.m.-? (e./s.)-1. It was 
found that the intensity of both the ‘back-ground’ 
radiation and the usual ‘bursts’ showed a general 
decrease with frequency so that normally nothing 
was observed at 70 and 180 ke./s. 

On one occasion, however (April, 1959) a number of 
bursts were observed which showed deep fading. 
When the records of the five channels were examined 
together it was found that strong noise was present on 
all channels. Moreover, the fades on each channel 
showed a strong one-to-one correspondence and were 
simultaneous to the limit of reading (~ 10 seconds). 
The noise level of these bursts at the lower frequencies 
was fairly typical of the more usual bursts (10-15 
W.m.-? (¢./s.)-! at 4:6 ke./s.) but at 70 and 180 ke./s. 
the noise power was at least two or three orders of 
magnitude greater than normal (to about 10-1!° 
W.m.-? (¢./s.)-1). 

Unfortunately it is not known exactly on what day 
this oeeurred nor whether a notable geomagnetic event 
took place at the same time, for the research station 
together with the equipment and records was des- 
troved by fire on May 24, 1959. It is probably a rare 
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event as it only occurred on one occasion in about two 
months observing. It is none the less established that 
‘hiss’ can sometimes occur at frequencies up to 
180 ke./s. at least, suggesting that extraterrestrial 
noise much below a megacycle might be ‘hiss’ (that is 
generated in the upper atmosphere) rather than 
‘cosmic noise’. 

My thanks are due to Mr. G. T. Goldstone, who built 
and operated much of this equipment and assisted in 
the observations, and to Dr. G. R. A. Ellis, Upper 
Atmosphere Section, C.S.I.R.O., who provided part 
of the equipment and circuits and who suggested the 
4-6 ke./s. and 9-6 ke./s. observations. 


R. L. DowpENnN 

Commonwealth Ionospheric Prediction Service, 

Hobart, Tasmania. 

Aug. 19. 

1 Reber, G., and Ellis, G. R., J. Geo. Res., 61, 1 (1956). 
? Ellis, G. R., J. Atmos. Terr. Phys., 9, 51 (1956). 
® Reber, G., J. Geo. Res., 63, 109 (1958). 
* Ellis, G. R., Plan. Space Sci. (in the press). 
5 Ellis, G. R., J. Atmos. Terr. Phys., 10, 302 (1957). 
® Duncan, R. A., and Ellis, G. R., Nature, 183, 1618 (1959). 
7 Dowden, R. L., J. Atmos. Terr. Phys. (in the press). 


Red-Shift Absorption Spectrum 
of the Cygnus-A Radio Source 


A MEASUREMENT to check the 21-cm. hydrogen line 
absorption spectrum of Cygnus-A (19N4A) reported 
by Lilley and McClain! is important in view of the 
cosmological significance of their result. The 
absorption was observed by these authors within a 
3 Mc./s. band centred on 1341 Me./s. and was con- 
sidered to be due to absorption in a neutral hydrogen 
cloud associated with the Cygnus-A source and reced- 
ing with it at the optically determined? velocity of 
16,800 km./sec. 

The present measurement was made with a 
hydrogen-line receiver in conjunction with the 
250-ft. radio telescope at Jodrell Bank. The receiver 
employed a first local oscillator which was rapidly 
switched between two frequencies 6 Mc./s. apart and 
a synchronized output detector which measured the 
difference between the two received signals separated 
by 6 Mc./s. No radio-frequency image rejection 
(60 Mc./s. above) was employed. 

The- observing programme consisted of obtaining 
sets of three frequency scans, one on each of the 
following : Cygnus-A, Cassiopeia-A and Taurus-A or 
a reference region at Dec.= +53°, R.A.=19h 00m, 
Total power as well as switched receiver outputs were 
recorded. The scans on Cassiopeia-A and the reference 
region provided a method of removing a small 
background deflexion which was proportional to the 
total power of the signal received from the source. 
Thus the profile expected from Cygnus-A in the 
absence of absorption was obtained for each set. 
The observed frequency scan was subtracted from 
this and a difference (absorption) profile was obtained 
for Cygnus-A. The calibration of this absorption 
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Observed absorption spectrum of Cygnus-A in the vicinity of 


Fig. 1. 
(a) Band-width = 100 ke.,’s. (6) Band-width = 700 ke./s. 


vertical line. 


Gaussian absorption spectrum with + 


profile in terms of optical depth was made by intro- 
ducing a small square-wave signal into the inter- 
mediate frequency channel which produced a deflexion 
on both the switched and total-power recorders. 

Frequency scans on local hydrogen at about 
1,420 Mc./s. showed the expected emission temper- 
atures and in addition the absorption spectra in local 
hydrogen of Cassiopeia-A, Cygnus-A and Taurus-A 
were all in good agreement with the results given by 
Muller®. 

The measurements were made in two groups using 
the receiver in different modes of operation to eliminate 
spurious effects so far as possible. 

(a) February 14-23, 1959. Band-widths of 8 and 100 
ke./s. were used. The frequency range 1,330—1,355 
Mc./s. was investigated by scanning 4 Mc./s. through 
the intermediate frequency bandpass by means of a 
variable-frequency second local oscillator. A series of 
first local oscillator frequencies was used to cover the 
frequency-range. The resultant spectrum of Cygnus-A 
showed no absorption feature down to a limit of 
peak optical depth to>=0-01. This may be compared 
with a positive effect of to=0-09 indicated by the 
Lilley and McClain results. 

(6) May 22—June 8,1959. Band-widths of 100 and 700 
ke./s. were used and the stability of the receiver was 
improved. The frequency range 1,315-1,435 Mc./s. 
was covered by setting the second local oscillator at a 
fixed frequency and tuning the first switched local 
oscillator over a range of 11 Mc./s. about a series of 
fixed frequencies. These results obtained in the 
vicinity of 1,340 Mc./s. are plotted in Fig. 1. They 
show Av, the optical depth at the low frequency minus 
that at the high frequency, plotted against the 
frequency of the two switched receiving bands. 
Each point is the average of the corresponding points 
from a number of sets. Its standard deviation is 
represented by a vertical line. Fig. la gives the 


Receiver 


7p =0°003 
band- shape F 
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1,340 Mc./s. The standard deviation of each point is shown by a 
The full-line plot (c) shows the shape that would be recorded [for ‘a 
0-003. 


results of the 100 ke./s. switched receiver over a 
frequency range of 1,332-1,349 Mc./s. Fig. 1b gives 
the 700 ke./s. band-width results in the range 
1,325-1,359 Mc./s. These points are made up of three 
frequency groups each having the number of sets 
shown. The systematic shift of the points in these 
figures is due to some small but unresolved effect ; 
this displacement amounts to 1 deg. K. on the 
switched records. Any absorption would appear on 
these plots in the form of a convolution of the true 
profile with two band-shapes of opposite sense spaced 
by 6 Me./s. The response would be an upward 
excursion at 1,340 Mc./s. on the high-frequency 
channel and a downward excursion at 1,340 Mc./s. 
on the low-frequency channel. This is shown by the 
full-line in Fig. le in which the response is drawn for 
a Gaussian absorption profile with a width to half- 
intensity of 2 Mc./s. (400 km./sec.), to=0-003 and 
centre frequency 1,340 Mc./s. Both excursions must 
be present if any real absorption occurs. ‘The 
100 ke./s. results show no absorption effect greater 
than to>=0-005 and the 700 ke./s. results point with 
certainty to an upper limit of to=0-003 and to a 
probable limit of perhaps half this value. 

Thus the present results do not confirm the Lilley 
and McClain observations. The radio-frequency 
confirmation of the distance of Cygnus-A no longer 
holds and moreover, the measurements provide no 
check that the radio and optical cosmological red- 
shift velocities are the same. 

R. D. Davies 
R. C. JENNISON 
Jodrell Bank Experimental Station, 
University of Manchester. 
Sept. 14. 
1 Lilley, A. E., and McClain, E. F., Astrophys. J., 123, 172 (1950). 
2 Baade, W., and Minkowski, R., Astrophys. J., 119, 206 (1954). 


3 Muller, C. A., Paris Symposium on Radio Astronomy, edit. Bracewell, 
R. N. (Stanford University Press, 1959). 
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Association of Radio Outbursts 
with Solar Flares 


SEVERAL authors have paid attention to the associa- 
tion of radio outbursts with solar flares, for example, 
Dodson! and Loughhead, Roberts and McCabe?. 
Outstanding flare events are very commonly accom- 
panied by a radio event at decimeter and/or metre 
wave-lengths; but only a minor fraction of the less- 
important flares produce a distinctive radio event. 

Since the beginning of the International Geo- 
physical Year the flare patrol coverage has been very 
nearly complete, whereas for radio frequencies 200 and 
545 Me./s. complete radio information is available 
from the observatory Nera (Holland) and associated 
observing stations at Paramaribo (Surinam) and 
lollandia (New Guinea). At frequencies near 3000 
Mc./s. nearly complete coverage is accomplished by 
the observatories at Ottawa, Tokyo, Berlin and Nera. 

The great amount of information now available 
enables a detailed investigation into the relationship 
between solar flares and associated radio events. 

In order to verify whether the association of out- 
bursts with flares of a special type or belonging to a 
particular sequence is above or below normal, we 
derived mean frequencies of occurrences of ‘radio 
flares’. These figures were obtained by carefully com- 
paring our records with the list of flares compiled by 
the Meudon Observatory for the Quarterly Bulletin on 
Solar Activity. As in many cases there is a close 
correspondence in time between the starting times of 
flare and outburst, we allowed no time differences 
exceeding 10 min. between the two events unless there 
were indications that there still existed a physical 
relationship (for example, if both flare and outburst 
were very outstanding). 

In treating the data covering the period July 1957- 
December 1958 we arrived at the relative frequencies 
listed in Table 1. 


Fable 1, RELATIVE FREQUENCIES OF OUTBURST- ASSOCIATED FLARES 


Associated outburst at 


Optical Associated outburst at any frequency 


impor- 200 545 3000 
tance Mc. /s. Mc./s. Mc./s All ‘Firmly 
flares established’ 
flares 
9 8 i2 19 27 
2 21 23 37 461 4 ' 
3 70 83 97 I fase saad 


The last column of Table 1 gives percentages of 
association for those flares that have been observed by 
at least two observatories. For these ‘firmly estab- 
lished’ flares the percentages of association is greater 
than for the flares in general. From this fact we 
conelude that a number of those flares that have been 
reported by only one observatory apparently had not 
very outspoken flare characteristics and should be 
considered as somewhat doubtful cases. 

It has appeared that certain sequences of flares, 
originating in very much the same _heliographic 
position, are distinctive for an abnormally great or for 
a very low production of outbursts, or for a special 
type of associated radio events. In such cases one 
might speak of a ‘radio family’ of flares. We just 
mention two of the most clear-cut cases of distinctive 
flare sequences that occurred during recent years. 

(a) On September 16, 17 and 18, 1957, a region of 
great flare activity was situated close to the centre 
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meridian, at 22° N. 17 flares in this region were 
associated with sudden ionospheric disturbances. Of 
these flares only two produced a radio response at 
3000 Mc./s. or lower frequencies. No outbursts were 
associated with the flares that did not produce a 
sudden ionospheric disturbance. This production of 
outbursts is much less than expected, as we found that 
in general more than half of the flares associated with 
sudden ionospheric disturbances give rise to a radio 
event. Therefore this flare sequence was remarkable 
for an outstanding lack of radio responses. 

(b) A rather great flare activity was displayed dur- 
ing the period December 10-13, 1958, by the region 
that passed the central meridian on December 11 at 
latitude 2° 8. All but one of the 14 flares of impor- 
tance 2 produced outbursts, most of which occurred at 
all three frequencies 200, 545 and 3000 Me./s. Among 
the 18 flares of importance 1 there were 8 radio flares, 
whereas also 6 sub-flares had a radio response. So the 
production of outbursts was greater than normal. The 
distinctive characteristic of the sequence is the fact that 
almost all outbursts at 545 Mce./s. reached excep- 
tionally great intensities. 

During the International Geophysical Year and 
afterwards many flares were observed by two or more 
observatories. For a number of them there is very 
good agreement as to the starting times reported by 
various observers. It seems likely that these are flares 
which flashed up suddenly, leaving little doubt about 
the exact time of commencement. On the other hand, 
observatories might very well report different starting 


times for flares which come into existence more 
gradually. The flares for which the starting times 
given by different observers are nearly the same 
(differing only by 1 min. or so) often reach their 


maximum development shortly after their beginning 
(4°7 min. on the average). This corroborates their 
impulsive character. 

From the Meudon lists of flares, covering the period 
July 1, 1957-December 31, 1958, we selected the 
‘impulsive’ flares of importance 1. A greater than 
normal percent. se of these flares was accompanied 
by radio event: (Table 2). 


fable 2. FREQUENCIES OF OUTBURST ASSOCIATION FOR FLARES OF 
IMPORTANCE 1 
No. Percentage of 


outburst association 
(per cent) 


All flares i . os 6064 13-6 
Firmly established flares , 2171 26-5 
Impulsive flares ats ; 375 35-7 
Non-impulsive flares < 1796 24-6 


This circumstance seems to give at least partly an 
answer to the question why certain flares cause an 
outburst whereas others do not. It is that the impul- 
siveness might have a bearing on it. No difference, 
though, was found between the frequencies of out- 
burst- association for impulsive and non-impulsive 
flares of importance 2 or 3. 

The enhanced outburst association for impulsive 
flares of importance 1 might also be tied up with the 
problem of distinguishing which is a flare and which is 
not. As a matter of fact, there exists a continuous 
transition between the bright plage regions, in which 
the brightness is gradually changing, and the clearly 
defined flares that flash up suddenly. Various observa- 
tories certainly apply different criteria as to when a 
particular brightening should be considered as a flare. 

The working group on flare classification of Com- 
mission 11 of the International Astronomical Union 
considered the suddenness of commencement as one of 
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the main criteria for distinguishing flares’. We now 
see that the radio evidence lends support to this point 
of view. 
L. D. DE FEITER 
A. D. FoKKER 
J. RoosEN 
Ionosphere and Radio Astronomy Section, 
Netherlands Postal and 
Telecommunications Services, 
The Hague. 
1 Podson-Prince, H. W., Proc. Inst. Radio Eng., 46, 149 (1958). 
2 Loughhead, R. E., Roberts, J. A., and McCabe, M. K., Austr. J. Phys., 


10, 483 (1957). 
* Trans. Int. Astr. Union IX, 146 (1955). 


Distribution of Flares on the Solar Disk 
Associated with Noise 


THE association of solar noise bursts at 48 Mc./s. 
and solar flares has been examined for the periods 
June 20—July 31, 1957, September 1—October 1, 1957, 
and June 1—July 31, 1958. The noise burst data were 
obtained from the Resolute auroral radar film records. 
Resolute was the northern station (75° N., 95° W.) of 
the National Research Council’s International Geo- 
physical Year Auroral Radar Chain!. For the purpose 
of this analysis, bursts are defined as solar radio noise 
events with durations of the order of 30 seconds or less 
(probably due to spectral type III bursts). Association 
with a particular flare was assumed probable if the 
burst occurred during an interval of 2 minutes pre- 
ceeding, to 3 minutes following the flare commence- 
ment. This is a more stringent requirement than that 
usually used?.3, During the periods listed above, < 
total of 535 such events were recorded with 12 per cent 
of the noise-producing flares occuring within + 5° of 
the central meridian, while for the same periods 8 per 
cent of all flares occurred in the same interval. 

Hey and Hughes have found an east-west asym- 
metry for the period 1947-1950 where both the number 
and intensity of flares associated with noise at 
73 Mc./s. were greater in the eastern half of the solar 
disk?. They also observed a reduction in the number 
of such flares near the central meridian. The data 
summarized in Fig. 1 indicate a definite peak in 
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flares associated with noise near the central meridian. 
Of a total of 3,671 flares considered in the analysis, 
54°5 per cent occurred east of the central meridian, 
while only 47°4 per cent occurred east of the central 
meridian. The dip in the curves at 10° W. will 
require the analysis of more data before its validity 
can be established, but it does appear to be common 
to the data for each of the 3 periods so far analysed. 

The north-south distribution for the same periods 
was examined for both total number of flares and 
flares associated with noise. The great preponderance 
of flares in the northern hemisphere shown in Fig. | 
was unexpected. Newton and Milsom have observed 
a shift in the ‘spottedness’ of the northern and 
southern hemispheres from cycle to cycle over many 
sunspot cycles*. Their results indicate that the 
present cycle has a definite increase in spot activity in 
the northern hemisphere. An increase in flares associ- 
ated with noise in the northern solar hemisphere has 
also been observed in Japan®. 

The results presented here indicate that the present 
conditions in the solar corona favour the emission of 
radio noise at very high frequencies from flares occurr 
ing in the north-west quadrant of the solar disk. 

L. R. McNarry 
Upper Atmosphere Research, 
National Research Council, 
Ottawa, 2 
? McNamara, A. G., Can. Electronics Eng., 1, 26 (1957). 
* Hey, J. 8., and Hughes, V. A., .M.N. Roy. Ast. Soc., 115, 605 (1955). 
® Warwick, C. 3., Astrophys. J., 120, 237 (1954). 


* Newton, H. W., and Milsom, A. 8. M.N. Roy. Ast. Soc., 115, 393 (1955) 
5 Sinno, K. (private communication), 


Observations of ‘Whistlers’ and Very Low 
Frequency Phenomena at Godhavn, 
Greenland 


As part of the research programme for the Inter- 
national Geophysical Year, recording of very low 
frequency phenomena was initiated at Godhavn, 
Greenland, on July 19, 1957. The geomagnetic 
co-ordinates for Godhavn are 79°8 N., 32°5 E. The 
station is situated 950 km. south-east of the geo- 
magnetic pole and approximately 1800 km. north-east 
of the dip-pole. 
OccuRS A little more than one year’s 
recordings of whistlers have now 
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July 31, 1957 ; September 1—October 31, 1957; and June 1-July 31, 
1958. Noise data from Resolute 48 Mc./s. auroral radar records. 
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is time-consuming, and therefore, for the time being 
we only listen at half speed to tapes when we suspect 
iere is some whistler activity. 


The recordings were made with a tape speed of 


5 in./see., and the corresponding upper frequency 
nit is 16 ke./s. 

As a result of the analysis it has been found that the 
dhavn whistlers as compared to whistlers from 
wer latitudes all show a lack of low frequencies, and 
at the whistlers observed during October have ‘nose 
quencies’ of at least 15 to 16 ke./s. 

Che observed minimum frequencies are distributed 
shown in Fig. 1. No frequency components have 


20 


10 








0 2 4 6 8 
ke./s. 


vy. 1. Distribution of minimum frequencies of whistlers observed 
in Godhavn 


been detected in the ranges 0°6—-1°5 or 1°6—2°5 ke./s., 
and the most common minimum frequencies lie in the 
4:6-5'5 ke./s. range. 

We have computed some dispersions for the 
whistlers observed on October 11 to about 55—60 S!/2. 
It is not possible to determine other dispersions 
because the rest of the whistlers are too indefinite, but 
we judge that they are of about the same magnitude. 

The geomagnetic activity at the times of whistler 
occurrence was moderate and the ionosphere only 
slightly disturbed. 

The high nose frequency of about 16 ke./s. seems to 
indicate that the Godhavn whistlers penetrate the 
ionosphere at a point south of Godhavn. According to 
he aecepted theory, the nose frequency is proportional 
to the minimum value of the gyro frequency fenin 
along the path. If we take this ratio as 0°4 we find 
funin = 16/0°4 = 40 ke./s. which corresponds to a 
geomagnetic latitude of 53°. If the Godhavn whistlers 
have penetrated the ionosphere at this latitude, they 
have been propagated about 3000 km. along the earth 
below the ionosphere. This aspect was discussed with 
American colleagues during a recent visit to the 
United States. 

The missing low-frequency components in the 
Godhavn whistlers seem to indicate a wave guide type 
of propagation along the Earth from the point of pene- 
tration to the observation point!3. During the 
penetration of the ionosphere the whistler is guided 
along a magnetic field line which is parallel to the 
inclination and accordingly rather steep. The circu- 
larly polarized down-coming wave can be resolved 
in'o linearly polarized 7’ and 7M waves with a cut- 
ol! frequency of about 1750 c./s. for the dominant 
modes. The attenuation of the 7’M wave is rather 
hich for all frequencies while it decreases exponentially 
With inereasing frequency for the 7’E wave. Accord- 
incly one would expect to receive the 7’E mode. 

support for the wave-guide theory may be derived 
from the fact reported by Rivault4 that most whistlers 
have frequencies descending to about 1°75 ke./s. 
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Lower end-frequencies were observed only in excep- 
tional cases. 

A proof of the supposed penetration through the 
ionosphere at about 53° N. geomagnetic latitude 
could be obtained if whistlers were heard nearly 
simultaneously at stations situated south of Godhavn. 
Such a proof has not been obtained because several 
of the higher latitude stations of the American 
Whistler East Chain were inoperative at the times 
when whistlers were heard at Godhavn. The only 
possibilities for comparison hitherto has been with 
Hanover, New Hampshire, for the observations in 
October, 1957, and for some of the observations in 
December, 1957. No whistlers were heard in Hanover 
at these times, and this seems to contradict our theory. 
When more observations are available, we plan to 
compare data with other stations. 

Whistler observations in the antarctic have been 
reported by Martin®. During the observation period 
April 1-15, 1958, whistlers were heard consistently, 
but no dawn chorus was observed. These frequencies 
of appearance are the opposite of those observed at 
Godhavyn. 

As a result of the analysis of the first year’s observa- 
tions we have found that ‘tweeks’ are not heard during 
the polar day, but they begin to appear as soon as the 
sun is below the horizon during part of the night. The 
highest activity is observed in the months of August 
and September. 

‘Chorus and hiss’ are most often heard between 10 
and 12 local mean time when chorus is observed in 
about 18 per cent and chorus plus hiss in about 22 
per cent of the recordings. The maximum magnetic 
activity occurs at the same time of the day®. There is a 
seasonal variation in the relative frequency of chorus 
and hiss with a lower activity during and around the 
polar night. 

Our analvsis has shown that the observed chorus 
is normally in a lower frequency range than further 
south. Except for a very few observations the fre- 
quency range has been 500-1000 c./s. The range from 
1000 to 1200 ¢./s. is heavily disturbed by harmonies 
of the power frequency, and the high-pass filter applied 
gives a sharp cut-off at 500 c./s. However, we are 
trying to improve our observations of the chorus and 
hiss phenomena. 

If the wave-guide model proposed above applies, 
chorus in the observed frequency range at high lati- 
tudes should be a rather local phenomenon because of 
high attenuation below the cut-off frequency. 

The research reported here has been sponsored by 
the Geophysics Research Directorate of the U.S. Air 
Force Cambridge Research Center, Air Research and 
Development Command, through the European Office 
under contract AF’-61 (514)-1309 and by the Danish 
Science Foundation and the Danish Research Founda- 
tion for Technical Sciences. 


Eie1t Uncstrup 


Royal Technical University of Denmark, 
Copenhagen. 
July 6. 


1 Chapman, F. W., and Macario, R. C. V., Nature, 177, 930 (1956). 

2 Wait, J. R., Proc. Inst. Rad. Eng., 45, 760 (1957) ; 45, 763 (1957). 

3 Ramo, 8., and Whinnery, J. R., “Fields and Waves in Modern Radio’, 
p. 315 ff. (Wiley, New York, 1953). 

* Rivault. R., Laboratoire National de Radioeléctricité. Note Preliminaire 
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‘Martin, L. H., Nature, 181, 1796 (1958). 
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A New Microwave Harmonic Generator * 


Ir my estimate! of up to 10° amp./em.? for the 
emission current density of free cathode ‘spots’ on a 
clean mercury surface is accepted, the mercury arc 
may be regarded as an indestructible point-contact 
rectifier with interesting microwave properties. At 


high rates of growth of current (that is, in excess of 


6 x 107 amp./sec.) the cathode emission appears to be 
unable to follow the rising current by its normal 
method of increasing size! and presumably (at micro- 
wave frequencies) must either change its emission 
density or become unstable, or both. In either case a 
‘non-linear’ current-voltage relationship is still to be 
expected. 

Instability of short mercury ares at microwave 
frequencies has already been reported?, and following a 
suggestion by Prof. B. Bleaney, this communication 


describes the use of such ares for the purpose of 


harmonic generation from a relatively high-powered 
microwave input. 


Fig. 1 shows in diagrammatic form the essentials of 


the harmonic generator. Microwave power at 2°5 
Ge./s. (from a continuous-wave magnetron of up to 
100 watts output) is used to maintain a very short 
mercury arc between a mercury pool ‘cathode’ and 
tungsten wire ‘anode’. The harmonics generated are 
collected by the smaller wave-guide shown, coupling 
to which is assisted by the adjustable tuning plunger 
placed inside the discharge tube. The tube is filled with 
argon to a pressure of at least one atmosphere, an 
even higher pressure being desirable. By using such a 
gas pressure it is possible to maintain a great density of 
ionization in the “positive column’ plasma of the arc, 
so that harmonics generated in the very small region of 
cathode-fall can be communicated to the anode wire. 
By tilting the discharge tube the are may be adjusted 
to minimum length, the shortest possible arc being 
the most efficient. 

With an estimated input power of a few watts at 
2°5 Ge./s., an output in excess of one milliwatt was 
obtained at 10 Ge./s.; also a strong signal at 30 Ge./s. 
was detected by a spectrum analyser placed close to 
the are tube. The anode wire for these experiments 
was 0°5 mm. in diameter and length of are was 
about 0-1 mm. An ammeter connected from anode to 
cathode indicated a rectified current of 100-600 
m. amp., the electrons flowing from the mercury to 
the tungsten wire ‘anode’. 
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If a 4-8 volt battery is connected externally so as to 
assist this electron flow, the microwave driving power 
may be reduced. If, in addition, the anode wire is 
made thin enough (for example, 0:1 mm. diameter) to 
become red-hot under the action of the discharge, a 
very short are indeed may be obtained in the dimple 
formed by insertion of the anode below the normal 
free mercury surface, a cushion of mercury vapour 
preventing all but occasional short-circuiting of the 
are. This ‘dimple-arc’ mode of operation can be the 
most efficient of all, but care has to be taken to avoid 
melting the rather fine anode wire necessary for low 
shunt capacity. 

For the input frequency described, the quality and 
efficiency of the are harmonic generator seem entirely 
comparable with the ‘non-linear’ semi-conducting 
crystal type, but the arc has one considerable addi- 
tional virtue: there is no upper limit to the input 
power that can be used, for the are cathode spot cannot 
be damaged. Work is continuing with the view of 
extending the use of the generator into the millimetre- 
wave region. 

This work has been carried out as part of the 
research programme of the National Physical Labora- 
tory and is published by permission of the Director 
of the Laboratory. 

K. D. FRoomME 


Standards Division, 
National Physical Laboratory, 
Teddington, Middlesex. 
July 7. 
*Patent Application No. 30205/59. 


1Froome, K. D., Proc. Phys. Soc., B, 62, 805 (1949). 
2? Froome, K. D., Nature, 179, 267 (1957). 


A Spectrum of Turbulence at Very High 
Reynolds Number 


THE downstream component of the turbulent 
velocity has been recorded in a sea-water channel with 
a Reynolds number, based on the depth, of 4 x 10’. 
The measurements were made near the southern end 
of Discovery Passage (50° 00’ N., 125° 12°5’ W.) witha 
tidal current of 100 em./sec. flowing northward at tlie 
point of observation. At this point the channel is 
about one mile wide and the water has been flowing 
with a depth of about sixty metres for a little over a 
mile, having entered the passage from the wide and 
deep basin of Georgia Strait. 

The turbulent velocity was measured with a hot 
film anemometer, the form of the probe being a plati- 
num film of thickness 4 x 10-6 em., plated around the 
tip of a glass cone which pointed into the stream. The 
maximum dimension of the film is about 1 mm. and it 
has a resistance of five ohms. An a.-c. bridge was used 
with a carrier frequency of 7°5 ke./s. The probe was 
mounted on the nose of a heavy body towed at a 
depth of 25 feet from the stern of a ship steaming 
against the current so as to maintain a fixed position. 

A thirty-minute sample of the turbulence signal has 
been analysed with narrow band filters. Fig. 1 shows 
the high frequency end of the energy spectrum and the 
dissipation spectrum, each multiplied by the wave- 
number k so that the area under the curves represen(s 
the energy and dissipation on the semi-logarithmic 
plot. Fig. 2isa logarithmic plot of the energy spectrur.. 

The points at the extreme values of k are not very 
reliable. For k < 0:02 em.-!, the motion of the towed 
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body makes a contribution to the reading of the hot 
film. A erude accelerometer showed that the spectrum 
of the longitudinal motion of the body extends up to 
values of k in the neighbourhood of 0°02, and this is 
believed to be the reason that the curve in Fig. 2 lies 
above the k-5/ line over this region. The main cause 
of this is erratic motion of the ship. Variations in 
engine speed cause pitching and surging, while the 
large-scale turbulence produces transverse movements 
of the stern requiring continual helm adjustments to 
maintain course. In addition, towed body motions are 
excited directly by turbulence too small to affect the 
ship. The natural period of the towed body and its 
towing wire, acting as a pendulum, is in this range of k. 
Unfortunately, we do not have sufficient information 
about the motion of the towed body to attempt a 
correction. For values of k > 1 em.~!, the electronic 
noise level becomes an appreciable part of the signal. 
Here we have made a correction to the data but the 
points are not as reliable as those for 0°02 < k < 1. 
The two spectra in Fig. 1 are well separated on the 
Wave-number axis and it seems likely that an inertial 
sul-range exists. The straight line in Fig. 2 has a 
slope of —5/3 and fits the data reasonably well over 
a very extensive range of k in the region between the 
perks of Fig. 1. This cannot, however, be taken as 
Vevifieation of the k-5/3 relation predicted for the 
in rtial sub-range by the Kolmogoroff theory! because 
it lias not been demonstrated that local isotropy exists. 
Tie spectra obtained by Laufer? in fully developed 
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pipe flow (R = 2°5 x 105), indicated that the turbu- 
lence was anisotropic at high wave numbers and 
Kraichnan? has shown that, although the spectrum of 
the downstream component follows a k-5/3 law, the 
one-dimensional spectrum of the total energy is 
proportional to k-3/2, 

The total dissipation can be obtained by integrating 


the dissipation curve of Fig. 1. 
relation: 


Using the isotropic 


e= 15yv k?o(k) dk 


we obtain ¢ = 2°5 « 10-2 ergs em.-3 sec.-! The area of 
the curve is open to question because it depends upon 
two points which contain a large correction for noise 
but this figure can be confirmed by estimating ¢ in less 
direct ways. We may assume the spectrum function 
predicted for the inertial sub-range by the Kolmogoroff 
theory: 


o(k) — kol/3 ¢2/3 £-5/3 


We find k, from the spectrum measured by Laufer for 
which ¢ was determined fairly accurately, to be 0°25 
and using (1) = 2°75 x 10-2 from the _ present 
spectrum, ¢ = 3°7 x 10-2 ergs cm.~3 sec.-! That these 
figures are of a reasonable order of magnitude can be 
seen without reference to the spectrum from the 
relation «= 7dU/dy. By comparison with other 
channel flows, we may expect that typical values of 
the shear stress and velocity gradient are given by 
7 10-3 Uo? and dU/dy x 0:2 Uo/d, where d is the 
depth of the water. This leads to « = 3 x 10°? ergs 
cm.—3 sec.—!. 

The value of k at which the peak of the dissipation 
curve occurs, km, may be compared with k;, the 
characteristic wave number of the dissipation range, 
defined by ks = (</v3)!/4. It is a result of the Kolmo- 
goroff theory (but not of Kraichnan’s theory) that 
ks/km is an absolute constant and Table 1 shows the 


Table 1 
Type of Flow Reynolds No. Relk. Ref. 
Discovery Passage 4000 x 104 5-4 
Grid turbulence 72 5 
Boundary layer 5 6-5 6 
Pipe 25 15:2 2 
Channel 3 12-1 7 


value obtained from the present experiment, com- 
pared with other measurements of dissipation spectra. 

When the experimental difficulties are taken into 
account the first three, or the last two values of 
ks/km can be considered to be consistent with the idea 
of a universal constant but the two measurements 
reported by Laufer appear to differ significantly from 
the others. 

We cannot obtain the total turbulent energy directly 
because a large proportion of it is associated with 
scales of motion comparable to the dimensions of the 
ship and is therefore not measurable even with a hot 
film fixed rigidly to the ship. From visual observation 
of the water surface and ship motion, however, we 
estimate the integral scale of the turbulence, L, to be 
about 50 m. Using the isotropic turbulence relation 
e¢ = 3p(u?)3/2/2D and taking « = 3 x 10-2, we have 
u2 ~ 20 em.2 sec.-2 This value, which is not particu- 
larly sensitive to errors in the estimate of either ¢ or L, 
corresponds to about 4°5 per cent turbulence, which is 
reasonable for such a channel. It should be noted that 
the measured portion of the energy spectrum contri- 
butes only about 1/5 of this value of u2, which further 
strengthens our opinion that the portion of the 
spectrum k > 0:02 em.-! cannot contribute signifi- 
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cantly to the Reynolds stress, and so should lie within 
an equilibrium range if Kolmogoroff’s assumptions are 
valid. 

We propose to make a more extensive series of 
spectrum measurements with an improved noise level. 
This will be done in the northern end of Discovery 
Passage, where the water flows for five miles through 
a deeper channel after passing through the constriction 
at Seymour Narrows at a Reynolds number of over 108 
on a strong tide. 

H. L. Grant 
A. MOormuret 
Pacific Naval Laboratory, 
Esquimalt, B.C., 
Canada. 
R. W. STEWART 
University of British Columbia, 
Vancouver, B.C. 
Canada. 

1 Batchelor, G. K., “The Theory of Homogeneous Turbulence” (Cambridge 

University Press, 1953). 
* Laufer, J., Nat. Comm. Aero. Report 1174 (1954). 
* Kraichnan, R. H., New York University, Institute of Mathematical 

Sciences, Research Report, No. MH-9 (1958). 
* Townsend, A. A., “The Structure of Turbulent Shear Flow’’, 43 (Cam- 

bridge University Press, 1956). 
* Stewart, R. W., and Tonwsend, A. A., Phil. Trans. Roy. Soc., A, 243 

(1951). 
* Klebanoff, P. S., Nat. Adv. Comm. Aero. Report 1247 (1955). 
7 Laufer, J., Nat. Adv. Comm. Aero. Report 1053 (1951). 


Evidence for Distinct Sectors in Polymer 
Single Crystals 

It was reported earlier that long-chain polymers 
could form single crystals in which the molecules have 
a regularly folded configuration!:?._ Polyethylene in 
particular can have a paraffin-like crystal habit con- 
sisting of thin lozenge-shaped layers with each seg- 
ment of the folded molecular chain normal, or 





Fig. 1. Polyethylene crystal grown from xylene at 90° C. Electron- 
micrograph, x 2,500 
Fig. 2. Polyethylene crystal grown from xylene at 90° C. showing 


sector through extinction effects. Electronmicrograph, x 1,500 
Fig. 3. Polyethylene crystal grown from xylene at 90° C., after 
thermal treatment (see text). Photomicrograph, phase contrast x 750 
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approximately normal, to the plane of these layers. 
It was suggested’ that the molecules might fold in the 
plane of the growing faces, which are of the {110} 
type in the purely lozenge-shaped crystals. This 
implies that in the four different quadrants the chains 
are folded along four different <110> directions, and 
hence that the apparent single crystal consists in fact 
of four structurally distinct sectors in twin relation. 
So far as we know, this situation is unprecedented in 
crystalline substances. 

Some evidence for the existence of distinct quad- 
rants has already been reported?:4. Thus surface 
corrugations were noticed which divide the crystal into 
four parts. Further deductions from interference 
effects in electron micrographs (Bragg fringes, moiré 
patterns) revealed that adjacent quadrants of the 
crystals satisfied different conditions of diffraction. We 
add here that current work has confirmed these 
deductions through direct observations of the electron 
diffraction patterns given by individual crystal 
sectors. These showed that different quadrants added 
different reflexions to the diffraction pattern given by 
the crystal as a whole. This situation would arise if 
the crystal layers were dished pyramids buckled along 
the two lozenge diagonals, or if the lattice were 
sheared differently in the different quadrants or 
possibly if both effects existed together. The dished 
pyramidal configuration is suggested by a number of 
observations. The most consistently recurring one is 
that of a triangular central fold along the short lozenge 
diagonal (Fig. 1). The crystal is three layers thick 
along this thickening. It is readily seen that this 
would be the result if a hollow pyramid collapsed. The 
uncollapsed pyramid, however, has never been 
observed, though crystals with the triangular fold have 
been seen in suspension. There is no apparent reason 
why the pyramidally dished crystal should collapse 
except in contact with a flat substrate, and it is pos- 
sible that the fold, with the same resultant geometry, 
is produced by a progressive shear transformation 
within the crystal, without actual realization of the 
intermediate dished pyramid. Either picture leads one 
to look for some splitting of diffraction spots, though 
of different magnitude according to the details of the 
mechanism. Such splittings, of various magnitudes, 
have been observed, and are the subject of current 
work. We first saw such a splitting in an electron- 
diffraction picture communicated to us privately by 
S. Mitsuhashi. 

The various observations indicating distinct sectors, 
sheared and/or hollow pyramidal crystals are related. 
If the folds in one sector are along one kind of < 110 
direction only, the structure will have a lower sym.- 
metry than it would have without the fold, and the 
lattice will no longer be orthorhombic as in the ide.l 
polythene structure. The obliquity introduced in th's 
way would be identical in magnitude but opposed in 
sign in quadrants which grew at different { 110} faces. 
The diagonal containing the fold would be either 
shorter or longer within the sheared cell. In the first 
case the crystal consisting of four different non- 
orthorhombic quadrants in twin relation, would he 
automatically a dished pyramid. In the latter case it 
would be a flat lozenge with edge dislocations in it, 
probably in rows along the lozenge diagonals. in 
either way the obliquity would depend on the relatix ¢ 
abundance of the folds, and thus on the length of fold. 
Consequently the uniformity of the lattice woud 
require a uniform length of fold throughout tiie 
crystal. In this way the observed uniformity of tl:e 
length of fold, perhaps the most puzzling property of 
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these crystals, would be accounted for. 

In Fig. 1 the crystal is a truncated lozenge, showing 
also {100} faces in addition to the {110}. In this case 
we expect six distinct sectors, four with folds along 

110} and two along {100} planes. The existence of the 
first four has already been demonstrated. That of the 
additional two is revealed by electron micrographs like 
Fig. 2, where such sectors appear in Bragg contrast 
because they satisfy different reflexion conditions 
from the rest of the crystal. Sometimes a surface 
corrugation can also be seen bounding such sectors. 

\s stated earlier, the sectors bounded by {110} faces 
are in twin relation, that is, the lattices, also including 
the fold along {110} planes, are identical but in 
different orientation. However, the remaining two 
sectors with folds along {100} planes would represent 
a different lattice. This is strikingly brought out by 
the following experiment. The crystals, sedimented on 
a slide, were heated to about 128—-130° C. When 
examined after cooling they appeared as in Fig. 3. 
It is seen that the sectors in question are now distinct; 
thus they must have melted (or become otherwise 
transformed) at a lower temperature than the rest of 
the erystal. This difference in thermal stability is in 
agreement with the postulate of a different lattice. 

We conclude that the existence of distinct sectors 
within the same crystal is definitely established in 
agreement with the predictions based on the folded 
molecular configuration in polymer crystals. 


D. C. BAssETT 
F. C. FRANK 
A. KELLER 


H. H. Wills Physics Laboratory, 
University of Bristol. 

' Keller, A., Phil. Mag., 2, 1171 (1957). 

? Keller, A., and O'Connor, A., Nature, 180, 1289 (1957). 


> Keller, A., and O’Connor, A., Disc. Faraday Soc., 25, 141 (1958). 
* Agar, A. W., Frank, F. C., and Keller, A., Phil. Mag., 4, 32 (1959). 


Deviation of Zone Lenses Produced 
by Polarization 

ZONE lenses are systems of alternate opaque or 
phase-retarding rings, which are usually made in one 
of the following ways: (a) by describing larger circles 
on eardboard and_ photographically reproducing 
them, (b) by photographing Newton fringes occurring 
between a slightly convex lens and an optical flat, or 
(c) following Wood!, but cutting out narrow ring circles 
on a previously coated surface by means of a turn- 
table or lathe. The least distance, (d), resolved by a 
zone lens is given by: 

d = 1:22.B (1) 
where 4 is the wave-length and B the focal length/ 
diameter. Since the focal length is proportional to the 
square of the radius of the innermost zone”, small 
zone lenses will have higher resolving power. Thus, the 
originals made are usually further reduced photo- 
graphically in one or two subsequent steps. 

\nother way of producing zone lenses is based on 
the birefringent properties of certain crystals, such as 


basal seetions of calcite or sodium nitrate. The 
crystal is sandwiched between two Polaroid films 


(C in Fig. 1). A is a monochromatic light source, B is 
an aspherical collecting lens, D a collimator, E a photo- 
graphie objective (Tessar) of 50 mm. focal length, and 
I is the image plane. Photographs were taken on 
Kodak type 649 high-resolution film; they were 
developed in ‘D 11 to a high gamma and some of 
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Fig. 1. 


them further cleared in Farmer’s reducer. In this way, 
zone lenses not larger than about 1 to 2°4 mm. in 
diameter were produced in one single step. 

Zone lenses of this type were then scanned by means 
of a densitometer comparator. The upper graph in 
Fig. 2 shows the radii of an experimental zone lens, 
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tadii of an experimental zone lens, obtained by  bire- 
fringence and compared with the theoretical figures. 


Fig. 2. 


scanned from centre to periphery in different direc- 
tions. Generally, the radii, 7,,, of the rings in a zone 
lens are proportional to the square roots of the 
natural numbers: 


fate. MST Ss, (2) 


where 7 is the radius of the central zone. This 
relation is shown in the lower graph in Fig. 2. 
Evidently, equation (2) does not rigorously describe 
the properties of zone lenses obtained by polarization, 
for the individual zones decrease slightly slower in 
radius, toward the periphery, than required by theory. 

This work was supported by National Institutes of 
Health Research Grant C—2834. 

JURGEN R. MEYER-ARENDT 


Department of Pathology, 
Ohio State University, 
Columbus, Ohio, 
1 Wood, R. W., ‘Physical Optics”, 3rd el. pp. 37-39 (Macmillan, London, 
New York, 1956). 
? von Fragstein, C., and Weber, K., Optik, 11, 270 (1954). 


ELECTRONICS 


Use of the Silicon Resistor in the d.c. 
Stabilization of Transistor Circuits 


Ir is well known that changes in the d.c. charac- 
teristics of transistor amplifiers with temperature are 
particularly severe, and tend to limit the range over 
which these devices can operate. The d.c. parameters, 
the changes of which are of interest, are the collector- 
emitter leakage current (/co’), the d.c. current gain 
(«’) and the base-emitter input impedance, this last 
producing a change in the base-emitter voltage. Up to 
the present, stabilization has either been by minimizing 
these effects by suitable circuit design, or by the use of 
thermistors and non-linear elements in the base 
circuit. These have the disadvantage in some cases, of 
higher power consumption, and thus loss of the in- 
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herent high efficiency of the transistor amplifier, and 
limited range of stability. 

We have been using experimental samples of silicon 
resistors, supplied by Standard Telephones and Cables 
Ltd., Footscray, which have a high positive resistance 
temperature coefficient of about 0°7 per cent per 
degree. It would appear that the silicon is doped to 
such an extent that it is in the saturation region at 
room temperature, thus giving the positive coefficient. 

We have achieved remarkable results, using these 
devices, for the stabilization of grounded emitter small 
signal stages. Some of the characteristics are shown 
in Fig. 1. 

Curve | shows the variation of collector current with 
no emitter resistor. The changes are very large indeed. 
Curve 2 shows the effect of inserting a carbon resistor 
in the emitter circuit. The improvement is quite 
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Fig. 1. d.c. Stabilization of silicon transistor 


impressive, but there is still a 4 : 1 change in collector 
current over the full range. Curves 3 and 4 show the 
effect of placing a silicon resistor of the same value 
as the carbon resistor in the emitter circuit at different 
collector currents. The stability at either high or low 
temperatures is very good. Curve 5 shows the result 
obtained when a carbon resistor of predetermined 
value is connected in parallel with a silicon resistor. 

A stability factor (defined as the ratio of collector 
current at 25° C. to collector current at J'° C.) of 1 
is indicated over the whole temperature range of 

- 50° C. to 150° C. We believe this result is far 
better than any achieved by other methods. 

The advantages of this method are as follows: no 
elaborate compensating network required, simplicity 
of design, stabilization over the whole temperature- 
range. 

The use of silicon resistors has been applied to 
power transistors dissipating several watts, and it has 
been found that under certain conditions, using the 
silicon resistor in the base circuit, results giving a 
stability factor of 1 may also be obtained. These 
results agree very well with those predicted by theory 
and when the work is finished, a full account will be 
published elsewhere. 

We wish to thank Messrs. Standard Telephones and 
Cables, for their help in supplying the silistor used for 
the experiments. 

J. T. ZAKRZEWSKI 
D. H. MEHRTENS 


Electronics Laboratory, 
G.W. Division, 

E.M.I. Electronics Ltd., 
Feltham, 
Middlesex. 
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ENGINEERING 


Blunt-Nosed Bodies in a High-Temperature 
Gas Jet 

RECENTLY, the heating of nose cones on re-entry 

vehicles has become a challenging technical problem. 

To provide thermal protection of an object in the core 


of the nose cone for short duration, two major kinds of 


shielding materials may be used, nameiy, metals and 
plastics. The former is favourable for a heat sink while 
the latter is favourable for ablation cooling. To demon- 
strate these features, some simple experiments were 
performed using a variety of those common materials. 
The materials were machined into }-in. diameter 
hemispheres. A thermocouple (Fig. 14) was attached 
to the centre of the base of the hemispheric sample 
(B) next to a boron nitride insulator (C). The whole 
assembly was mounted on an arm (D) and swung into 
a jet of argon jj in. in diameter emitted from a 
plasma generator (Z). The velocity of the jet imping- 
ing on the testing sample was subsonic. The tempera- 
ture of the jet, Z's, as estimated from ref. |. 
was approximately 15,500° R. The measured tem- 
perature of the thermocouple, 7'o, increased with time. 
t, and was recorded on a Sanborn strip-chart recorder. 
Figs. 2 and 3 show these results respectively for metal 
and plastic samples. For convenience, both 79 and the 
non-dimensional temperature, 090 = 7’; — To/T; — 7 

are used for the ordinate and ¢ is chosen for the 
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\ few interesting features in Figs. 2 and 3 were 
observed: 

(1) For all the metals, four distinct periods can be 
(a) Initial Stage. loge 90 versus ¢ is curved 
upward for each metal. This trend may be explained 
by basic heat transfer theory; but the discussion is too 
lengthy to include here. (b) First Intermediate Stage. 
log. 00 versus ¢t is practically linear. This will be dis- 
cussed later. (c) Second Intermediate Stage. Copper 
and its alloys such as brass and bronze, distinguished 
themselves by a pronounced decrease in slope of 
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loge 90 versus ¢. This is probably due to evaporation of 
the base metal, copper. (d) Final Stage. All metals 
turn to a high and practically straight slope of loge 60 
versus t. This is probably due to reduction of sample 
wall thickness through ablation. 

(2) For the majority of the tested plastic materials, 
loge 90 started to drop linearly with time until 7'o 
reached 860° R. or more. One exception was hard 
rubber, which rose in temperature sharply at 680° R. 
From photographic evidence, the rubber was appar- 
ently melted and vapourized and blown away by the 
jet. Consequently, the thermocouple became closer 
to the jet and the temperature rose sharply. This 
also happened to the other plastics tested at 
temperatures higher than 860° R. 

(3) Tests of the transparent plastics (‘Plexiglass’ 
and polystrene) showed an initial sharp rise in tem- 
perature. This effect was probably due to direct 
thermal radiation absorbed by the thermocouple 
from the brilliant light of the plasma jet of argon. 
Later, the blurring surfaces of those samples reduced 
such radiation appreciably and log, 00 became nearly 
linear. 

(4) The phenolic laminate shows exceptionally good 
thermal insulation. 

At present, no theory is known with which to 
analyse the transient temperature under the unusual 
conditions of these experiments; however, it may be 
worth while to attempt some simple correlation of the 
testing results with existing theory. For the case of a 
sphere surrounded by an atmosphere at high tempera- 
ture 7's, a well-known formula is available to relate 
the measured time to the temperature 7'o at its centre. 
That is, loge 090 = Ari/V.Nyo Nui. Here A and V are 
respectively the surface area and volume of the sphere. 
Ny; is the so-called Biot number and is equal to 
hri/k, where k is the thermal conductivity of the 
sphere and h is the heat transfer coefficient from the 
fluid to the solid surface. N,, is the so-called Fourier 
number, defined by Ny, = at/r12, where « is the 
thermal diffusivity of the sphere and 7; is the sphere 
‘adius. Within the limits of Np, < 0°2 and Nj; > 
10-2, loge 00 is approximately linearly related with 
Nyro; as indicated by the formula. Roughly, at the 
initial stage of the tests (Figs. 2 and 3), loge 90 is fairly 
linear with time, although many of the sample 
materials are beyond the above limits. This means 
that the heat transfer coefficient h is fairly constant, at 
least within the initial period. Therefore, h is caleu- 
lated for these materials from the above formula using 
the classical data on « and k. These are presented in 
Table 1, which shows that h for the metals (except 
magnesium and lead) is about ten times or more than 
that of the plastics. It is believed that the low values 
of A for plastics is due to heat absorbed in surface 
melting. 





Table 1. THERMAL PROPERTIES OF MATERIALS 
Material 0 k h 
ft.2/hr. BTU/hr. ft. °F. BTU/hr. ft.2 °F 

Metals 

Bronze Pe 0-667 32 30-6 
Steel ak oe 0-57 31 29-2 
Lead 20 18-7 
Brass 62 49-9 
Magnesium 43-5 17:8 
Aluminium 82-3 29-1 
Copper 223 42:0 
Plastics 

Phenolic 0-00534 0-169 3°30 
‘Plexiglass’ 0-00483 0-133 2-67 
Nylon 0-00478 0-133 2-84 
Polystyrene 0-00635 0-134 3:14 
‘Teflon’ 0-00415 0-142 3°45 
Hard Rubber 0-00242 0-087 3°65 
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The following potential sources of inaccuracy have 
not been evaluated: 

(1) Deviation of the direction of the jet caused 
15 per cent scatter in initial rise in temperature. 
Typical tests, used in Figs. 2 and 3, were chosen to be 
those with the maximum initial rise in temperature. 

(2) The hemispheres were impinged by the jet 
stream with nor-uniform temperature and velocity. 

(3) Hemisphere bases were not perfectly insulated 
against heat loss. 

F. R. SEDLUND 
C. C. CHANG 
Department of Aeronautical Engineering, 
University of Minnesota. 
June 6. 


1 Ducati, A. C.. and Cann, G. L., ‘’Propulsive Properties of High Intensity 
Plasma Jets’, Giannini Research Laboratory GRL-TR-9 (Feb. 21, 
1958). 


2 Giannini, G. M., Sci. Amer., (Aug., 1957). 
* Sodlund, F, B., M. Sc., Thesis, Univ. Minnesota (1959). 


CHEMISTRY 


Estimation of the Interchange Energy 
for Binary Systems from Mutual 
Solubility Data 

Ir the theory of strictly regular solutions developed 
by Guggenheim! is applied to ordinary binary systems 
and compared with experiment in order to evaluate 
the interchange energy the results are not good, since 
very few systems satisfy all the conditions for forming 
regular mixtures, in which the molecules are assumed 
to be sufficiently alike in size and shape to be inter- 
changeable on a lattice or quasi-lattice. A few examples 
have been shown for this comparison. It is desirable 
that more comparisons with many experimental 
results are made in order to verify the validity of the 


theory and to extend their application to the field of 


the chemical engineering design. 

Cox and Herington? have shown that straight-line 
relationships between the functions (7 — 7',)) and 
log{(1 — 2’)/x’} and between the functions (7' — 7',)! 
and log{(1 — x”)/a”} hold for temperatures T within 30° 
of a critical solution temperature 7',, where 1 — x’ and 
1 — x” are the mole fractions of component 1 in the 
two co-existing liquid phases, and x’ and x” are the 
corresponding mole fractions of component 2 of a 
binary liquid mixtures. The following equation is 
immediately derived from their relationships: 


log{(1 — x’)/a’} = m log {(1 — 2”)/x"} + K (1) 


where m and K are constants. At the critical solution 
temperature the two co-existing phases become 
identical, having the composition 2 = x” = a. 
Equation (1) may be transformed into: 


1] — 7’ Le j — 2” Le m , 
x l Le ei aes (2) 


It is possible that the solubility curve for a binary 
liquid system can be represented symmetrically with 
respect to the composition by plotting properly 
selected units. For example, if the quantities @ and & 
are defined by: 
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x’ |e + (2”/ac)™ 
(1 — a-)/(1 — 2’) 
(1 — #-)/(1 — x’) + (1 — a-)/(1 — 2”)™ 


(4) 


set 
| 





then the resulting solubility curve will be symmetrical 
with respect to 9 or & since 9’ + 9” = 1, and 
2’ + &” = 1. The former fractions (equation 3), which 
are the variations of volume fractions, are more con- 
venient since they are simpler. Therefore, when the 
compositions are plotted in terms of such ¢ fractions, 
in which the concentrations of component | in one 


phase are multiplied by 2,/(1—2-) and the sum of 


concentrations after the change of units is brought 
back to unity, the solubility curve of the system will be 
symmetrical with respect to 9 as for regular binary 
mixtures. The mole fraction of component 2 at the 
critical composition, 2-, and the empirical constant 7 
may be estimated from the mutual solubility data 
determined at two temperatures by equation 1. 

If it is assumed that each component forms clusters 
consisting of each pure component in its liquid phase, 
the number of moles being (1 — 2’)a, and 2’(1 — 2) 
respectively, and that the two kinds of clusters are 
stable and sufficiently alike in size and shape to 
satisfy all the conditions for forming strictly regular 
solutions on mixing, the interchange energy w 
between two kinds of clusters may be obtained from 
the theory of regular solutions, as well as the cases 
where x, = 1/2 corresponding to the strictly regular 
mixtures. For example, in the first approximation 
which has been treated according to the quasi- 
chemical equilibrium conditions, w is given by : 

l—r 


exp(w/2kT) = 9 = 52 —Gaoe 6) 


where z is the co-ordination number and k is Boltz- 
mann’s constant. By the definition of equation 3 
the molecular ratio, r, becomes: 





° I a (6) 


Several values evaluated from the mutual solu- 
bility data by equations 5 and 6 assuming z = 4 are 
shown in Table 1. 

Table 1 


Component 





T¢ T q Kel 
1 2 (deg.C.) (deg. C.) 

- 2-2358 

n- Butane Perfluoro-n-butane —41-(0 — 2-0492 3 
- 2-0000 

Cyclohexane Aniline 29-422 2-0215 4 
2-0017 
— 155 2°3035 

Ethylbenzene Ammonia 10-7 9-0 2-0372 5 
10:7 2-0000 
20 2-2903 

Water Phenol 65°85 35 2-1516 6 


65°85 20000 


Thus it should be possible to predict the solubility 
relationships of the system from mutual solubility 
data, determined at more than one temperature, 


when the dependence of the interchange energy upon 
temperature is known. 

It seems that this method, in which the theory 0! 
regular solutions is applied to the behaviour of solu- 
tions represented symmetrically by the change 
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units, assuming the formation of stable ‘clusters’ 
consisting of each pure component in its liquid phases, 
will be applicable in the field of the chemical engineer- 
ng calculations. For example, for the correlation and 
prediction of the data for liquid-liquid equilibria and 
apour-liquid equilibria. 

The detailed paper referring to the dependency of 

e interchange energy upon temperature and the 
pplications of this method in chemical engineering 

ilculations will be published in the Bulletin of the 
(Chemical Society of Japan. 

KryoHaru IsHIDA 


(hemical Research Institute of 
Non-Aqueous Solutions, 
lohoku University, Sendai. 
June 24. 
(Oxford University Press, 1952). 


uggenheim, E. A., ‘‘Mixtures’”’ 






x, J. D., and ie rington, E. F. :. Trans. Farad. Soc., 52, 926 (1956). 
inons, J. H., and ee J. , J. Chem. Phys., 20, 1516 (1952). 
tack, D., and Rice, O. K., J. Eon m. ” Phys., 22, 382 (1954) ; Dise. Farad. 


Soe., 15, 210 ( 1088), 
hida, K., Bull. Chem. Soce., 
lill, A. E., and Malisoif, W. 


Japan, 31, 143 (1958). 
M., J. Amer. Chem. Soc., 48, 918 (1926). 


Some Activation Analyses of Six Trace 
Elements in Marine Biological Ashes 

SYSTEMATIC knowledge of the abundance of trace 
elements in marine organisms is far from complete. 
Most currently accepted values have been determined 
ly spectroscopy or flame photometry but for a number 
of elements these methods leave much to be desired. 
The method of activation analysis not only increases 
the sensitivity for many trace elements! but also 
eliminates the necessity for running ‘blank’ analyses 
on the reagents since small amounts of impurities 
contained in the reagents will not be measured. 
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Activation analyses have been carried out for 
vanadium, arsenic, molybdenum, tungsten, rhenium 
and gold in several different types of marine ashes 
using the Ford Nuclear Reactor of the University of 
Michigan and associated facilities of the Mice -higan 
Memorial Phoenix Project?. 

The ash samples were prepared by igniting dried 
marine organisms in a quartz crucible at a temperature 
below 550° C. (There admittedly is a possibility of 
losing some part of the desired elements in this step.) 
About 500 mgm. of ash were used for each analysis 
except for vanadium and molybdenum, where 
50-100 mgm. and 200-250 mgm. of the ash were 
used respectively. 

Samples were irradiated in the reactor for periods of 
10 minutes to 15 hours, the length of irradiation 
depending on the isotope to be measured. When short- 
lived radio-isotopes were to be measured the sample 
was analysed immediately, otherwise it was set aside 
for a while to ‘cool’ to reduce the radiation encountered 
in the processing. A chemical separation of the 
element ‘in question was then performed and the 
purified radio-isotopes measured by a 3 in. X 3 in. 
Nal(Tl) y-ray scintillation detector coupled with a 
100-channel pulse height analyser with dual memories?. 

Nuclear properties?»+ of the isotopes measured, 
irradiation conditions, separation methods, and ex- 
perimental sensitivites obtained are summarized in 
Table 1. The sensitivities listed are probably good to 
within a factor of 2 and are given only as an indication 
of the approximate limitations of the specific methods 
used. This is not to imply that higher sensitivities are 
not possible with additional improvements in the 
method. 

The abundance of the elements in the ashes is given 
in Table 2. The overall errors accompanying these 


Table 1. PERTINENT INFORMATION FOR THE ACTIVATION ANALYSES 
Klement v As Mo W Re Au 
Atomic number 33 42 74 75 79 
Isotope (parent) 75As 100\fo 16 185Re 97AU 
Abundance (per cent, re f. 3) . ; 100 9: 62 28-4 37:07 100 
Thermal neutron cross-section (barns, ref. 4.) 4-2 02 34 100 96 
Daughter .. eas * ITC WwW sie 954u 
Half- life of di wughter (ref. 3) . “ne 3°8 min, 26-5 hr. 14-0 min, 24-0 hr. 3:7 days 2-7 days 
r-energy for --spectroscopy (Me Vv. ref f.3) a 1-44 0-56 0307 0-072 0-137 0-412 
Irradiation period Ss es 10 min 9 hr. 15 min. 6-3 hr. 11-5 hr 14-1 hi 
\verage ne utron flux (n/em.®/sec. ) oF A 9 x 10" 7 10" 9-4 x 10"! 1:5 1012 3-5 ig” 2-5 x 10% 
tadiochemical separation cupferron- co-ppt. with (CgH,),AsCl- — thiocyanate- (CgH,),AsCl ethyl- 
chloroform = phosphomolyb- — chloroform ethyl acetate chloroform acetate 
date 
Approximate sensitivity (gm. normalized to flux 2 10-*+ 5 10-* 5 x 10- 5 x 10-° 1 | a <x 10% 
of L x 10" n/cm.?/sec re (10 min. irrad.) (10 hr. irrad.) (15 slik, irr: si ) (QO hr, irrad.) (10 hr. irrad.) (10 hr. irrad.) 


* The computation of sensitivity includes the cooling period of one half- 


lite for long-lived isotopes of arsenic, tungsten, rhenium and gold 


+ This value was estimated on the basis of counting with a gamma scintilliation well. 


Table 2, ABUNDANCE OF TRACE ELEMENTS IN MARINE BIOLOGICAL ASH 
(gm./gm. ash) 
Sample Vv AS Mo Ww Re Au 
Ulra sp. (seaweed) ae i Si6 5-9 10° d-4 10-* ° 1-3 10-7 a3 x 10-5 9-3 x 10-8 
Collected at Enoshima, Sagami Bay, Japan, 
in May,1956. 
Ulva sp. (seaweed) aes Kg a ee 1:33 10 . 1-8 10-7 4-6 10-5 1-5 x 10-* 
Collected at Urayasu, Tokyo Bay, Japan, in 
in May, 1956 ee os in ‘a 
Porphyra sp. (seaweed) mr a oe 2-62 10-4 i-7 x 10-5 - —_ 
Collected at Chiba, Tokyo Bay, Japan, in 
January, 1957. 
Tapes japonica (Littleneck Clam) (soft parts) 1-50 10% 4 10-8 4:6 10°? 64 « 10-5 79 x 10-° 
Collected on the shore of Japan Islands in 
1958. 
Pandalus sp, (Prawn) (soft parts) 1-1 10-° 8:3 i¢-* <i 10° <5 10-9 16 x 10°% 
Collected in the vicinity of Japan Is lands in 
1958. 
Pneunatophorus japonicus (Mackerel) (meat) * 3-4 10-7 - < 1-4 1o-§ <8 10-° 2-6 lo”? 


Collected in the 
in 1958. 


vicinity of Japan Islands 


* Below detection limits. 
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values should rarely exceed + 30 per cent. The 
numbers in Table 2 suggest a general tendency 
towards decreasing abundance the higher the trophic 
level. 
A detailed description and discussion of these experi- 
ments @will be presented elsewhere. 
R. Fuxai* 
W. W. MEINKE 
Department of Chemistry, 
University of Michigan, 
Ann Arbor, Michigan. 
June 1. 
* Present address: Tokai Regional Fisheries Research Laboratory, 
fsukishima, Chuo-ku, Tokyo, Japan. 
? Fukai, R., and Meinke, W. W., 
1959 (in the press). 
* Meinke, W. W., Nucleonics (July, 1959, in the press). 
Strominger, D., Hollander, J M., Seaborg, G. T., Rev. Mod. Phys., 30, 
585 (1958). 
* Hughes, D 
BNI-3: 


Limnology and Oceanography, October, 


. marvey, J. A., 


1 U.S. Atomic Energy Commission Rept 
» (July, 1955). 








Preparation of Crystalline trans-trans 
Methyl Linoleate Hydroperoxide 


A METHOD has been worked out for the continuous 
separation of the hydroperoxide of oxidizing methyl 
linoleate; the oxidation level of the latter being main- 
tained at about 2 per cent. The product obtained has 
been purified and ultimately crystallized. 

Methy! linoleate, prepared by debromination of 
tetrabromostearic acid, was oxidized in solution in 
petroleum ether (b.p. 60—80° C.) with oxygen gas, the 
resulting peroxide being continuously extracted 
from solution by finely dispersed 85 per cent aqueous 
methanol saturated with petroleum ether. In this way, 
the peroxide value of the oxidizing methyl linoleate 
was kept within the range 55—70 (ml. 0°002 N sodium 
thiosulphate per gm.), and the tendency for the 
reaction to proceed beyond the hydroperoxide stage 
was reduced to a minimum. 

The methanol solution obtained usually contained 
equal weights of hydroperoxide and unchanged ester, 
which were then separated by partition between 85 per 
cent aqueous methanol and petroleum ether (b.p. 
60—-80° C.). The product finally obtained from the 
combined methanol fractions was a pale yellow oil 
with a peroxide value of 3,400 as determined iodo- 
metrically, which is known to give higher values than 
theoretical, and an E (1 per cent, 1 cm.) of 810 at 
231°5 my in ethanol (¢ = 26,400). 

An infra-red spectrum of the product showed a 
strong band at 2°92 u (the hydroperoxide group)', a 
strong maximum at 10°10 uw and a weaker one at 
10°52 p, together with indications of the presence of a 
carbonyl group, in addition to the ester. The material 
thus appeared to be a mixture of ezs and trans conju- 
gated diene hydroperoxides contaminated with a small 
quantity of decomposition products. 

The hydroperoxide was purified further by two 
crystallizations from petroleum ether (b.p. 40—60° C.) 
at — 35° and a further two from ethanol at — 76° to yield 
a compound with an E (1 per cent, 1 cm.) of 890 at 
231°5 my (c¢ = 29,000). Further crystallization from 
ethanol produced no change in the extinction co- 
efficient at 231°5 my. The infra-red spectrum showed 
that carbonyl decomposition products had _ been 
removed by crystallization. In addition although 


there was strong absorption at 10°11 » there was no 
band at 10°52 p, which indicates that the product was 
pure conjugated trans-trans-methy] linoleate hydro- 
peroxide. 
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Experiments verifying the predominance of the 9- 
and 13-hydroperoxides in the product? are at present 
being concluded and will soon be published together 
with details of the experiments outlined in this 
communication. 

The work described in this paper was carried out 


as part of the programme of the Department of 


Scientific and Industrial Research. 
A. BANKS 
S. FAZAKERLEY* 
J. N. Keay 
J. G. M. Smrru* 


Torry Research Station, 
Department of Scientific and Industrial Research, 
Aberdeen. 
June 22. 


* Members of the staff of the Herring Industry Board. 


1 Lemon, H. W., Kirby, E. M., and Knapp, R. M, Can. J. Technol., 29 
3 (1951). 
Bergstrém, 8., Arkiv for Kemi, Min-Geol., A21, 14 (1945). 


BIOCHEMISTRY 


A Concave Concentration Gradient of 
Methanol in Chloroform Employed in 
Elution of Lipids from Silicic Acid 


In several laboratories, where whole lipid extracts 
are chromatographed on silicic acid in chloroform- 
methanol, experience has suggested the need for 
continuous coneave gradient elution. Devices are de- 
scribed in the literature for producing concave gradients 
of solutes in aqueous solution, but they are unsuitable 
for chloroform-methanol mixtures: they fail for 
liquids of unequal density, waste eluent, or are not 
easily constructed without rubber joints, grease: 
stopeocks, ete. Hitherto, therefore, discontinuous 
gradients or continuous linear or convex gradients have 
been used for elution of lipids. 

Fig. 1 shows a simple and reliable apparatus, 
possessing none of the above disadvantages, which 
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Fig. 1 Apparatus for producing a concave concentration gradient 
of methanol in chloroform, 
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Eluate volume (1.) 


2. Concentration gradient (dotted line) produced by the 


paratus illustrated in Fig. 1 ; also (solid line), discontinuous gradient 
for purposes of comparison 

produces the gradient shown in Fig. 2. The reservoir 
I?) is a 2-1. conical flask filled with methanol, and the 
nixing chamber (M) a 10-1. aspirator bottle, its lower 
opening stoppered with polyethylene, containing 
chloroform (4°00 1.). The siphon- (S) and delivery- 
tubes (D) have internal diameter 2°5 mm. Side-tubes 
(1, T'2), closed by screw clips on plastic tubing, 
facilitate filling S and D and removing gas which 
sometimes accumulates. Rand M are closed by cotton- 
wool bungs. The contents of M are stirred magneti- 
cally by means of a steel plate (P). The height of F is 
adjusted initially to produce a steady flow of methanol. 

The value of continuous concave gradient elution 
was proved, for blood lipid, by comparison with dis- 


continuous gradient elution with a chosen sequence of 


eluents. The total volumes of chloroform and methanol 
ised in each experiment were the same. Elution 
curves (Fig. 3), as anticipated, showed that the 
continuous gradient gives sharper peaks and _ less 
tailing, and avoids spurious peaks produced by 
abrupt changes of eluent. 
fractions, particularly after hydrolysis, showed further 


that the continuous gradient improves resolution of 


the numerous constituent lipids. 


10-ml. fraction No. 


Chemical examination of 
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Requiring little attention during running of the 
column, this apparatus realizes the usual practical 
advantage of continuous over discontinuous gradient 
elution. It can be widely employed in chromato- 
graphy, using different liquids and vessels of different 
dimensions. A basically similar apparatus has been 
employed to produce a linear pH gradient in aqueous 
solution!. The lipid used in these experiments was 
extracted in one batch from fresh horse blood at 

-15° C. and washed three times by the Folch pro- 
cedure?. Some constituents were as follows: bile 
pigments (Fig. 3, peaks C—G), cholesterol (B), choles- 
terol ester (A), lipid-bound amino-acids (C—O), 
inositol phospholipid (L), phosphatidalcholine (LZ, M), 
phosphatidalethanolamine (H), phosphatidylcholine 
(L, M), phosphatidylethanolamine (H), phosphatidyl- 
serine (H), phosphatidylseride salt (?)3 (J-L), sphin- 
gomyelin (NV), and triglyceride (A). 

Thanks are tendered to Sir Alexander Todd for 
encouragement and to the Rockefeller Foundation for 
financial support. 


J. J. WREN* 


University Chemical Laboratory, 
Cambridge. 
June 15. 


* Present address : Laboratories, Hammersmith Road, 


London, W.14. 


' Boman, H. G., Biochim. Biophys. Acta, 16, 245 (1955). 
* Folch, J., Lees, M., and Sloane-Stanley, G. H., J. Biol. Chem., 226. 
497 (1957). 
Marinetti, G. V., 
30, 41 (1958). 
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Presence of Behenic Acid in Sphingomyelin 
from Horse Spinal Cord 


Ir is known that sphingomyelin from various 
animal tissues contains lignoceric, nervonic, stearic 
and palmitic acids as the component fatty acids. We 
have found a considerable amount of behenic acid 
together with nervonic, stearic and palmitic acid in 
sphingomyelin which was prepared from horse 
spinal cord. Cerebroside from spleen of Gaucher’s 
disease was reported to have behenic acid as a 
constituent by Klenk! and Rosenberg et al.*, and 

sphingomyelin from brain to have a 





























5 15 25 50 100 200 300 400 509 very small amount of the acid by 

"tg T t T “r 1 —— T T Rennkamp*. The present study de- 

oo Has oF scribes the presence of behenic acid as 

L mi the essential constituent in sphingo- 
myelin from normal animal tissue. 

a r Crude sphingomyelin isolated from 

é r oF horse spinal cord was carefully purified 

= 2 f - by treatment with dilute alkali* and 

: ob by column chromatography through 

- ae alumina®. The purified sphingomyelin 

7 was several times recrystallized from 

= ethyl acetate. Thus, 3 kgm. of fresh 

. _ r T ? ’ . ’ : a ae tissue yielded about 15 gm. of snow- 

= io H (ii) white crystals of sphingomyelin, which 

= ooh . L melted at 197—198°C. and was practical- 

Hae gh x ly pure ; it was quite uncontaminated 

with glycerophospholipide and cere- 

an { broside. Analysis: P, 3-95; N, 3-46; 

er G K P:N=1:2, glycerol, 0; galactose, 0. 

an GL LL E & j Re [a]D?°: +§-20 . 

CHCl 5 15 25 35 50 100 A sample of pure sphingomyelin 


Per cent methanol 


«3. Elution curves of equal quantities of lipid (1-23 gm.) from silicic acid columns 


(6-0 gm.) was refluxed with 10 per 


sulphuric acid in methanol for 


0 gm.), using the continuous (i) and discontinuous (ii) gradients illustrated in Fig. 2. cent 
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8 hours. After cooling, three fractions of methyl 
esters of fatty acids were taken from the reaction 
mixture. Petroleum-ether soluble material was 
extracted from the filtrate of the mixture (fraction 1, 
0-5 gm.). The precipitate consisted of a smaller 
amount of yellow oily material (fraction 2, 0-7 gm.) 
and a larger amount of white rustling material 
(fraction 3, 1-4 gm.). Each fraction was saponified 
with 0-5 N potassium hydroxide in methanol, and the 
salt of fatty acid was shaken with 2 N sulphuric 


acid in ether. Each of the free fatty acids was 
repeatedly recrystallized from ethanol before in- 


vestigation of its chemical properties. 

Fatty acid from fraction 1 melted at 39-40°C. ; 
the iodine number, the analytical data and the mole- 
cular weight by titration were in good agreement with 
those of nervonic acid. Fatty acid from fraction 2 
melted at 54-55°C.; the analytical data, the 
neutralization equivalent and the behaviour on paper 
chromatogram indicated a mixture of stearic and 
palmitic acids. 

Fatty acid from fraction 3 could not be identified 
from the elementary analysis. However, the melting 
point of the material and its methyl ester, 79-80°C. 


and 52-5-53-5°C. respectively, suggested behenic 
acid. The neutralization equivalent and paper 


chromatography supported this. Furthermore, the 
infra-red spectra of this material and its barium salt 
were almost identical with those of C,. series. 
Especially in the spectrum of the salt, eleven bands 
were distinctly recognized between wave-lengths 
7:43 and 8-47u, which is characteristic for the salt of 
a C,, acid according to Meiklejohn et al®. These 
results show that the fatty acid from fraction 3 is 
behenic acid. 

Details of the study will be published elsewhere’. 
We thank Mr. J. A. Rothfus for the infra-red spectra. 


YASUHIKO FUJINO 
TAKASHI NEGISHI 


Department of Dairy Science, 
Obihiro Zootechnical College, 
Obihiro, Hokkaido, Japan. 
June 29. 
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Secondary Structure of Ribonucleic Acid in 
Solution 


Ir has been shown previously that ribonucleic acid 
behaves as a coiled single-stranded’? molecule in 
solution. The results presented here indicate that 
an organized secondary structure which might involve 
intra-molecular bonds may be present. 

The intrinsic viscosity of EH. coli? and rat liver 
ribonucleic acid varies markedly with the con- 
centration of added salt, there being a ten-fold drop 
over a narrow range of ionic strengths, in contrast 
with the behaviour of other polyelectrolytes (see 
Table 1). The abruptness of the fall in viscosity 


(which is indicative of a phase transition) shows that 
the change from an extended to a contracted con- 
on, on increasing the ionic strength, is also 
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abrupt. The concentration of added salt required to 
bring about such contraction was found to increase 
with temperature. 


Table 1. DEPENDENCE OF THE VISCOSITY OF E. coli RIBONUCLEK 
AcID (RNA) AND SODIUM POLYMETHACRYLATE (NA-PMA) ON THE 
CONCENTRATION OF ADDED SALT. 


Concentration of sodium chloride (M) 
x 107" S x 10-* 1 x 10-* 5 x 10-* 1 x 10-* 1. X 20-* 


Mole- Tempera- 
Material cular ture Limiting viscosity numbers 
weight (deg. C.) (ml./gm.) x 10-3 
x 10-* 
Na-PMA 
(ref. 4) 2 25 3°5 2:55 2:02:0 2:0 2:0 0-75 
RNA 1-0 O-4 — 1-0 0:60 0-20 0-08 0-03 
RNA 1-0 25 2-8 2-4 1-9 1-20 0-38 0-10 0-03 
RNA 1-0 33°53 - 1-9 1-35 0-54 0-20 0-03 


This change in configuration was also found in the 
sedimentation behaviour of EF. coli ribonucleic acid in 
very dilute solutions (0-005 per cent). The sediment- 
ation pattern always showed two peaks of about equal 
magnitude, having sedimentation constants of 16-5 
and 23-7, at high ionic strengths, and 12-9 and 18:1 
in solutions of sodium chloride of 0-001 M and less. 
The decrease of the sedimentation constants of both 
components on lowering the ionic strength is in 
accord with the viscosity data. 

Further evidence for configurational changes 
within the contracted structure has been obtained 
from potentiometric titration studies of H. coli and 
rat liver ribonucleic acid at various temperatures, 
the results of which are summarized in Table 2. 


Table 2. THE ANOMALOUS TITRATION OF E. coli RIBONUCLEIC ACID 
AS SHOWN BY THE DIFFERENCE IN ACID (OR ALKALI) BOUND AT 4 
GIVEN pH OF FORWARD AND BACK TITRATION. 


pu 30 3:4 40 46 5-0 6-0 8-0 10-0 11-0 12-0 


Difference in the equivalents of acidt (or alkali) 
bound per tetramole of ribonucleic acid phosphorus 


Temperature 
of titration 
(deg. C.) 





0-4 0-05 0-20 0-21 0-20 0-13 0-08 0-00 0-10 0-13 0-25 


25 0-00 0-00 0-12 0-12 0-11 0-06 0-00 0-08 — —- 
33°5 0-00 0-00 0-10 0-10 0-10 0-05 0:00 — — — 
33-5* 0-00 0-00 0-00 0-00 0-06 0:00 0:00 — — -— 
0-4t 0:06 0-14 0:16 0-18 0-12 0-10 0-00 0-04 — - 


* Second titration cycle at 38-5°C. 

¢ Titration at 0-4°C. of sample previously titrated at 38-5°C. 

¢ Because of the large apparent heat of ionization of the 6-kcto 
groups the data obtained in alkaline solutions cannot be 
adequately presented in this table. 


At 25°C. a small difference between the forward and 
the back curves was found on titration from neutrality 
to the extremes of pH and back, as has previously 
been reported***, The difference between the two 
curves was considerably enhanced at 0-4°C. These 


same differences were again found on a_ second 
titration cycle; the original forward and_ back- 


titration curves were reproduced. This hysteresis is 
accounted for by the spontaneous formation of an 


ordered structure in neutral salt solution, as suggested 
by the viscosity data, and its breakdown on titration 


to acidic and alkaline pH’s. At 38-5°C. a single 
curve was followed on all occasions after the first 
treatment with acid, but hysteresis was again found 
on subsequent titration at 0-4°C. (Table 2). These 
results indicate that upon titration at 38-5°C., the 
transition to a more random form was irreversib!e, 
but upon cooling to 0-4°C., the ordered configuration 
was reformed. The presence of hysteresis in both tie 
acidic and alkaline pH regions shows that ionization 
of both 6-keto and 6-amino groups may modify tie 
structure. Acid and alkali appear to bring about tiie 
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same eonfigurational change, since after titration with 
icid at 38-5°C., both the 6-keto and 6-amino groups 
ionize without hysteresis. 
These results show that ribonucleic acid in solution 
iy be present in one of at least two configurations 
depending on ionic strength, pH, and temperature. 
(he transition from one configuration to another may 
‘impeded as shown by the hysteresis in the titration 
C\ cle. 
rotations about the linkages of the sugar phosphate 
hack-bone were sterically hindered. It is possible 
that one configuration may be stabilized by sequences 
f intra-molecular bonds, although the sedimentation 
velocity and intrinsic viscosity of E. coli (and also 
tobaeeo mosaic virus ribonucleic acid) are consistent 


with a randomly coiled configuration. Further 
experiments are required to elucidate the con- 


fizurations indicated above and to determine the 
extent to which they may reflect the in vivo structure ® 
found for ribonucleic acid in nucleoproteins. 
This research was supported in part by a U.S. 
Publie Health Service research grant RG-5217. 
R. A. Cox 
U. Z. LiIrrTaAvER 


The Weizmann Institute of Science, 
Rehovoth, Israel. 
June 23. 


tisenberg, H., and Littauer, U. Z., Bull. Research Council of Israel, 
7A, 115 (195s). 
Littauer, U. Z., 
320 (1959). 
Laskov, R., Margoliash, E., Littauer, U. Z., and Eisenberg, H., 
Biochim. Biophys. Acta, 33, 247 (1959). 
mway, B. E., J. Polymer Sct., 18, 265 (1955). 
x, R. A., Ph.D. Thesis, Birmingham (1955). 
Cox, R. A., Jones, A. S., Marsh, G. E., and Peacocke, A. R., Biochim 
Biophys. Acta, 21, 576 (1956). 
Gierer, A., Z. Naturf, 13b, 477 (1958). 
‘Franklin, R. E., Klug, A., Finch, J. 
Farad. Soc., 25 (1958). 


and Eisenberg, H., Biochim. Biophys. Acta, 32, 


T., and Holmes, K. C., Disc. 


Glyceric Acid in Broad Bean (Vicia faba L.) 


In recent years there have been one or two reports 
of the occurrence of free glyceric acid in higher plants. 
Balansard! identified the acid as the diuretic principle 
in the pods of broad bean (Vicia faba L.) but gave no 
indication of the amount present other than could be 
inferred from the diuretic effect. Isherwood, Chen 
and Mapson? isolated p-glyceric acid from cress 
seedlings; they found that it was present in amounts 
ranging from 5 to 50 m. equiv./kgm. of fresh weight in 
seedlings cultured for 5 days at 20° C. in the dark on 
0:04 M sodium bicarbonate solution. Palmer? isolated 
D-zlyceric acid from tobacco leaves (Nicotiana tabacum 
var. Connecticut) grown in the shade and estimated the 
quantity present to be of the order of 5-15m. equiv./ 
kem. (fresh weight). 

We have recently determined the levels of p-glyceric 
acid in leaves and other parts of broad bean plants 
grown under various conditions and the results 
(lable 1) show that it is one of the major organic acids 
accumulated by the plant. 


Table 1. PRINCIPLE ORGANIC ACIDS IN Vicia jaba L. 
(m.equiv./kgm. fresh weight) 


sample Description Origin Matic Citric Glyceric 
la leaves Field 66 28°7 
b stems Field 13-7 33-4 
2a leaves Water culture 12-8 23-5 
b stems Water culture = 31-4 34:0 
3a roots Pot grown 1-3 1-10 
b leaves (young) _,, + 10-8 44-9 
€ leaves (old) ” ” 85 24-4 
d stems - és 13°5 34-7 
e flowers ss = 16-4 6-6 





f pods ” ” 


These observations could be accounted for if 
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The acids were extracted from the plant tissue and 
determined by titration after separation by partition 
chromatography on a column of silica gel according to 
methods already described4. Recovery of glyceric acid 
under those conditions is practically quantitative. It is 
however poorly separated from shikimic acid. The 
two acids are however readily separated by paper 
chromatography? and distinguished by the charac- 
teristic colour reaction® given with sodium nitro- 
prusside and piperazine after oxidation with periodate. 
No shikimie acid could be detected in these extracts. 

The identity of the p-glyceric acid was established 
by isolation as the crystalline calcium salt after being 
separated from other acids by partition chromato- 
graphy on silica gel followed by ion-exchange chroma- 
tography on ‘Dowex I’ (acetate form)®. The calcium 
salt had [x]p1!8° + 12°8° (c, 4, water) and its infra- 
red spectrum was identical with that of an authentic 
sample of calcium p-glycerate prepared by resolution? 
of pu-glyceric acid obtained by the oxidation of 
glycerol’. 

R. I. Morrison 
P. C. DEKock 


Macaulay Institute for Soil Research, 
Craigiebuckler, 
Aberdeen. May 18. 
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Partial Identification of Lysins and Agglutinins 
in Lymphomatous Mouse Tissue 


Lystns and agglutinins have been extracted from 
normal mouse tissue, from mammary carcinomas of 
female C3H mice, and recently from human leukemic 
cells', and from the lymphomatous glands of AKR 
mice?. The lytic materials have been tentatively 
termed ‘soap-like’ and ‘lysolecithin-like’, supposedly 
bound to proteins*:*, but in reality the nature of both 
the lysins and the proteins is still unknown. This 
communication is concerned with the last point. 

The methods of ‘pre-incubation’ and of extraction 
with organic solvents have been largely abandoned 


because they probably involve the splitting of 
complexes. Instead, lymphomatous tissue is removed 


from the AKR mouse, placed in saline in the pro- 
portion of 1 gm. of tissue to 3 ml. of saline, and 
immediately homogenized for 5 minutes in a ‘VirTis’ 
homogenizer at 23,000 r.p.m. Gross particles are 
immediately removed by slow centrifugation. Ex- 
amination of the supernatant fluid with phase 
contrast shows innumerable myelin forms and tiny 
fragments. The supernatant fluid of the homogenate, 
after the throwing down of the gross particles, is 
diluted in powers of 2 with Michaelis buffer at pH 8-5. 
Washed mouse or human red cells are added and both 
inhibitors (in the less diluted homogenates) and lysins 
are observed within 3 hours at 37°C. 

Identification of the lysins. The homogenate, after 
the removal of the gross particles, is placed on a strip 
of fat-free filter paper so that it spreads over about 
1 cm. The paper is dried at 56°C.; saturated 
rhodamine B in benzene and 1 per cent uranyl 
acetate are added to the paper (a) in the region to 
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which the homogenate was applied, and (b) in regions 
to which it was not applied. Immediate examination 
of the paper with ultra-violet light shows that the 
region to which the homogenate was added gives a 
green fluorescence, whereas the other regions do not 
fluoresce. The fluorescence is specific for the presence 
of fatty acids, which at pH 8-5 are almost certainly 
soaps, in the homogenate®. The lytic activity of the 


homogenate is about the same as that of 5 M 
sodium palmitate at 37°C. at pH 8-5. ! ‘se 
concentrations sodium palmitate gives a 1OW 


fluorescence with rhodamine B and uranyl acetate 
and ultra-violet light, but a green fluorescence when 
mixed with 0-2 per cent of albumin before treatn.ent 
with the reagents. The fat-free paper strips must be 
manipulated with scissors and forceps which have 
been washed with ether and dried ; they must never 
be touched by hand. 

Extraction of soaps from paper. The fluorescent 
region and the non-fluorescent regions of the paper 
strip are cut out and separately extracted in small 
crucibles wath hot ethanol. The strips are removed 
after an hour and the solvent is dried off with a fan ; 
0-5 ml. of Michaelis buffer at pH 8-5 is added to each 
crucible, the contents of which are transferred, with 
stirring. to small hwmolysis tubes. To each of these 
is added 0-1 ml. of a washed human red cell suspension 
(0-2 ml. finally suspended in 10 ml. of saline), Ethanol 
extraction of the region of the paper to which the 
homogenate has been added gives complete lysis in 
| hour or less, while extracts of the areas of the paper 
to which the homogenate was not added are non- 
lytic. Warm ether and hot benzene are not as 
effective in extracting the lytic material as is hot 
ethanol. 

Estimation of protein and soaps in the homogenate. 
These can be estimated by a micro modification of the 
method of Folin and Denis*®. To 1 ml. of the homo- 
venate is added 4 ml. of water, and 1 ml. of this 


diluted homogenate is placed with a tuberculin 


syringe in each of two conical centrifuge tubes of 


about 1-5 ml. capacity and of known weight. To 
each is added 0-1 ml. of 5 per cent acetic acid. The 
tubes are placed in boiling water for 15 minutes. 
They are then centrifuged and the coagulated material 
(protein plus lipid) is thrown down. The supernatant 
fluid is removed and the precipitate is stirred up with 
1 ml. of hot 0-5 per cent acetic acid. The tubes are 
again centrifuged and the supernatant fluids are 
removed. To the precipitate in one of the tubes is 
added 1 ml. of hot 50 per cent ethanol; to the 
precipitate in the other tube is added | ml. of water. 
After 15 minutes, the two tubes are centrifuged, the 
supernatant fluids are removed, and the tubes are 
placed for 2 hours in an air bath at 110°C. ; they are 
then cooled in a desiccator and weighed. This method 
shows that the homogenates usually contain between 
2 and 7 gm. per cent of protein and between 2 and 7 
gm. per cent of a material which is soluble in hot 
ethanol. The amount of lipid removed from the 
homogenate by hot ethanol is only a little smaller 


than the amount removed by a mixture of | part of 


methanol and 4 parts of methylal. The proteins can 
also be eluted at 37°C. from fat-free paper with 
Michaelis buffer at pH 8-5. The principal protein 
eluted resembles a serum albumin, little or no pre- 
cipitation being obtained except with saturated 
ammonium sulphate. It is a tissue protein, however, 
and not a serum protein. The homogenate is best 
made in saline and not in buffer. 
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Electrophoretic paiterns. Using the Antweiler 
micro-Tiselius apparatus these can be obtained from 
homogenate or from the material which is soluble in 
hot ethanol. 

The electrophoretic pattern of the whole homo. 
genate consists of two spikes which are so closely 
associated that they cannot be satisfactorily separated 
at pH 8-5. The more rapidly moving component is so 
closely associated with the less rapidly moving 
component that, when the area under its spike is 
compared with the area under a 2 per cent serum 
albumin spike, it has a specific refractive increment, 
very difficult to measure, of less than 0-0010, as 
compared with 0-0018 for the albumin. This more 
rapidly moving component seems to be a protein, 
strongly interacting with the more slowly moving 
component, which seems to be a soap soluble in hot 
50 per cent ethanol. If the protein component plus 
the soap are dialysed, the result is the double spiked 
complex, but if the soap is extracted from the homo- 
genate with hot 50 per cent ethanol and dialysed, it 
passes across the dialysing membrane and _ gives 
virtually no electrophoretic pattern at all. Apparent- 
ly protein must have interacted with it, thus pre- 
venting it from diffusing away through the dialysing 
membrane. 

Two curious points remain. If the homogenate is 
made in saline instead of in Michaelis buffer, the two 
components of the electrophoresis pattern appear more 
clearly, and if the homogenate is eluted from fat-free 
filter paper, the two components appear more clear] 
still. At present, we have no explanation for this. 

Eric PONDER 
RutH V. PONDER 
Nassau Hospital, 
Mineola, 
New York. 
June 29. 
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An Antimetabolic Action of Vitamin K 


IN recent studies in vivo and in vitro, we have shown 
that the K vitamins (K,, K,, phthiocol, menadione 
and ‘Synkavit’) inhibit the synthesis of nicotinie acid 
at the stage 3-hydroxyanthranilic acid— quinolinic 
acid. We suggested that the mechanism of inhibition 
is competition between vitamin K and 3-hydroxyai.- 
thranilic acid, that is, the K vitamins exert anti- 
metabolitic action on the substrate of the reaction 
ratalysed by 3-hydroxyanthranilic acid oxidase. On 
the basis of this hypothesis, investigations were under- 
taken to determine if the inhibition of 3-hydroxy- 
anthranilic acid oxidase produced in vivo by 
administration of menadione or ‘Synkavit’ could be 
reversed by subsequent administration of 3-hydro- 
xyanthranilic acid. The results of these experimen(s 
demonstrated the capacity of 3-hydroxyanthraniilic 
acid to overcome the inhibitory effect of vitamin K. 

Tryptophan, as a precursor of 3-hydroxyanthraniiic 
acid, was also effective in restoring, in vivo, tie 
3-hydroxyanthranilic acid oxidase activity inhibited 
by the K vitamins. But a _ proof of thie 


competition between vitamin K and 3-hydroxyan- 
thranilic acid could be supplied by demonstrating t!e 
phenomenon of mutual antagonism between 3-hydro- 
xyanthranilic acid and vitamin K. 


Therefore, new 
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experiments were carried out to test whether the 
concentration of menadione in the urine of rats was 
hizher after administration of menadione (or ‘Syn- 
kavit’) plus 3-hydroxyanthranilic acid than after 
adininistration of menadione (or ‘Synkavit’) alone. 

fhe method of Richert*? was employed for deter- 
mining the quantity of menadione in the urine. 
The analysis was carried out on urine collected for 
48 hours after treatment of the rat with vitamin K 
alone or in combination with 3-hydroxyanthranilic 
acid, 

(he averages of the results obtained are as in 
Table 1. 
URINE OF RATS. 

Menadione in urine (ugm.) 

124 


Table 1. MENADIONE IN 
Treatment 
zm. menadione 
0 iogin. menadione 


20 mgm. 3-hydroxyanthranilic acid 1690 
20 mgm. ‘Synkavit’ 5 vee 1070 
20 mgm. ‘Synkavit’ 

20 mgm. 3-hydroxyanthranilie acid 1450 
10 mgm. ‘Synkavit’ , . 377 
10 1:ngm. ‘Synkavit’ 

20 mgm. 3-hydroxyanthranilic acid 879 


The results of these experiments demonstrate a 
narked inerease in the excretion of menadione under 
the influence of 3-hydroxyanthranilic acid, and 
therefore are evidence for the existence of an anti- 
metabolitie action of vitamin K on 3-hydroxyan- 
thranilie aeid. 

fhe results of 


Evans? agree with our work; he 
noticed symptoms of nicotinic acid deficiency in a 
patients treated with ‘Synkavit’ 


(10 mgm. per day). 


large number of 
EK. QUAGLIARIELLO 
C. SACCONE 
E. Rrnap! 
M. R. ALIoTO 

Institute of Biochemistry, 

University of Naples. 
June 22. 
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ANIMAL PHYSIOLOGY 


Absorption of Magnesium in tne Large 
Intestine of the Calf 

VHERE appears to be little evidence concerning the 
site of magnesium absorption from the alimentary 
tract with levels of magnesium likely to be found 
under normal conditions. Stewart and Moodie! found 
Iaznesium absorption to occur in almost the whole 
tract from the rumen to the czcum in sheep, but 
enormous amounts of magnesium salts were introduced 
to demonstrate this (I found little or no absorption 
from the rumen of milk-fed calves with low levels of 
maynesium?). They concluded that the small 
intestine was probably the principal site of absorption. 
lhe following results were obtained while attempting 
to cain information on the reasons for the decrease 
in nagnesium absorption previously observed during 
the first month or so of a ealf’s life?-5, 

A number of male calves were provided, at a few 
lays old, with fistula in the small intestine close to 
the junction with the cecum. The fistule 


were 


lormed either by a simple canulation or by severing 
the intestine, inserting a canula into each side and 
then joining these canule outside the animal with 
~~ le tubing (re-entrant canulation). 
Which 


The calves, 


appeared otherwise to be quite normal, 





NATURE 





§ 2] 


the re-entrant 


The 


simple and 
canule for up to 12 and 7 weeks respectively. 
calves were fed twice daily (9 a.m. and 5 p.m.) with 
2-20 1. of whole milk containing 2-5 gm. polyethylene 


satisfactorily retained 


glycol (molecular weight 4000) as a marker. Previous 
experiments have shown that polyethylene glycol is 
recovered to an extent of about 80-90 per cent 
after passing through the alimentary tract of a milk- 
fed calf®5. Collections of small intestine effluent 
were made from the canule from time to time. 
Polyethylene glycol was determined by a previously 
described method® and magnesium essentially by a 
method deseribed previously for feces’. In the 
calves with a re-entrant canulation complete col- 
lections from the efferent canulee were made over 
periods of 24 hr. In the calves with a simple canula 
it was possible only to collect small samples as they 
appeared at uncontrollable and irregular intervals 
after feeding. However, experiments with two 
calves with re-entrant canule showed that samples 
taken between 2 hr. and 6 hr. after the morning feed 
contained about 70-85 per cent of the residue from 
this feed and, presumably owing to the smaller 
proportion of endogenous effluent present, possessed 
magnesium/polyethylene glycol ratios rather lower 
than for the small intestine effluent as a whole. 
Values for 20 small samples taken at various times 
between 2 and 6 hr. after the morning 
6-30 per cent (mean 16 per cent) lower than for the 
collections. Magnesium® and 
polyethylene glycol? were determined — in 
samples as described previously. The magnesium, 
polyethylene glycol ratio in the diet did not vary by 
more than - 5 per cent over periods of say one week, 
and it was found that over such periods this ratio 
was also reasonably uniform in successive feces 


feed were 


corresponding 24 hr. 
faeces 


samples. Standard errors for individual samples in a 
number of groups of 3 or 4 successive fzeces samples 
15, 10, 24, 10 and 17 per cent 

Table 1 are for 
feces samples obtained within 2 days of the cor- 
responding collections from the small intestine. 

For each calf in the youngest group the magnesium / 
polyethylene glycol ratio in the small intestine 


from 3 calves were 
respectively. The results given in 


effluent was much higher than that in the feces 
(Table 1). The differences were too great to be 


accounted for by errors resulting from freces variations. 
Moreover the ratios in the small intestine effluent 
from the calves with simple canule were probably 
minimum values (see above). It is unlikely that 
there was any appreciable destruction of polyethylene 
glycol in the large intestine’, but even if this did oceur 
the main argument would not be affected and in fact 
it would lead to an under-estimation of magnesium 


TABLE 1 
Magnesium /polyethylene glycol ratio 
Age Calf 
(weeks) Milk Small intestine hveces 
ettluent 
1B 0-113 0-004 0:043 0-007 0-015 0-002 
3B O-119 0-001 0-050 0-020 0-014 0-000 
2-4 14B O-114 0-068 0-035 
15B 0-099 0-001 0-082 0-014 0-035 + 0-005 
9C 0-105 0-001 0-070 + 0-009 0-038 4+ 0-006 
10C 0-103 0-001 0-093 +. 0-003 0-059 + 0-004 


144B 0-100 0-002 0-079 0-004 0-095 4. 0-001 
6-9 1I5B 0-107 0-000 0-095 0-004 0-099 0-002 
9C 0-096 0-089 0-081 
11-12 14B 0-100 0-001 0-079 0-013 0-097 
1I5B 0-110 0-091 0-096 


Results shown with standard errors represent mean values for two 
determinations. Results for the small intestine effluent from calves 
9C and 10C were for 24 hr. collections ; these results for the other 
calves were for small samples taken 2-6 hr. after the morning feed. 





absorption in the large intestine. It seems therefore 
that in these calves, as a minimum estimate, about 
40-70 per cent of the magnesium escaping absorption 
in the small intestine was absorbed in the large intestine 
(about 25-40 per cent of the dietary magnesium). 

In the older age groups a different situation existed. 
The magnesium/polyethylene glycol ratio in the 
feces increased with age to such an extent as to 
indicate a decrease in overall magnesium utilization 
comparable to that shown previously by balance 
experiments?:4. Although net absorption in the 
small intestine may have fallen to some extent with 
age (this could be at least partly explained by there 
being a relatively greater amount of endogenous 
magnesium for the older and bigger calves) it appears 
that the factor mainly responsible was a decrease in 
the absorptive function of the large intestine. Exact 
interpretation is difficult since most of the results for 
the older calves were obtained on small samples from 
simple canule but it seems probable that these 
calves did not absorb any appreciable amount of 
magnesium in the large intestine. 

These results also suggest that the increase in 
endogenous fecal magnesium on a unit body weight 
basis previously observed as calves get older®> may be 
due to the failure of re-absorption in the large intestine. 

[ am greatly indebted to Dr. A. T. Cowie who 
inserted the canule for these experiments. I also 
wish to thank Mr. H. S. Hallett, Miss P. Lewis and 
Mrs. O. M. Campbell for technical assistance. 

R. H. SmMitH 
National Institute for Research in Dairying, 
Shinfield, Reading, Berkshire. 
June 22. 
Stewart, J., and Moodie, E. W., J. Comp. Path., 66, 10 (1956). 
Smith, R. H., J. Agric. Sci., 52, 72 (1959). 
Smith, R. H., Biochem. J., 67, 472 (1957). 
Smith, R. H., Biochem. J., 70, 201 (1958). 
Smith, R. H., Biochem. J., 71, 306 (1959). 


Smith, R. H., Nature, 182, 260 (195s). 
Smith, R. H. (unpublished observations). 
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An Attenuated Strain of Canine Distemper 
Virus in Tissue Culture 

CANINE distemper virus was cultivated in dog 

kidney tissue culture with a clear cytopathogenic 

effect! and the 56th passage of the virus was tested in 


ferrets. Each of four non-immune ferrets were 
inoculated intraperitoneally with 1 ml. of tissue 
culture fluid (105-5 TCID,,). Three non-immune 


ferrets were kept in the same laboratory as control 
animals and a further two in a neighbouring room in 
order to test for possible air-borne contamination 
from the inoculated animals. During an observation 
period of 25 days no animal showed any signs of 
disease. Blood was drawn from all the animals 
before the experiment and 17 days after inoculation. 
Tissue culture neutralization tests were performed 
with the sera, inactivated for half an hour at 56°C., 
against 300 T'CID,, of canine distemper virus after 
incubation at room temperature for one hour. The 
50 per cent neutralizing titre of sera from inoculated 
animals was more than 10-? (final dilution of serum) 
on day 17, while neutralizing antibodies were not 
found, either in the pre-inoculation sera or in the 
sera from the control animals on day 17. 

On day 25 all the animals (from now on placed in 
the same laboratory) were challenged with Green’s 
distemperoid virus (75 mgm. of freeze-dried ferret 
spleen). All the control animals developed clinically 


typical distemper after a uniform incubation time of 
7 days, and were dead or killed with pronounced 
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symptoms of distemper 11 days after challenge. 
The four animals inoculated with tissue culture virus 
showed no symptoms during an observation period of 
3 weeks. 

Apparently, during 56 passages in dog kidney tissue 
culture the virus becomes attenuated with a loss of 
pathogenicity for ferrets but it still retains a satis- 
factory antigenic capacity. 

Tests in dogs are in progress and a complete report 
will be published elsewhere. 

GuUNNAR RoOcKBORN* 

Department of Virus Research, 

Karolinska Institutet, Medical School, 
and the Medical Department of the 
Royal Veterinary College, Stockholm. 
* Lowell M. Palmer Foundation Research Fellow. 
? Rockborn, G., Arch. Virusforsch., 8, 485 (1958). 


Physiological Activity in Extracts of Albizia 
Species 

INFORMATION was first received from Prof. C. 
Rendle-Short of the Department of Obstetrics and 
Gynecology of this Medical School, that pregnant 
African women frequently take native medicines at or 
near term, even when in hospital, in an attempt to 
accelerate birth. It was thought likely that the 
excessively high incidence of uterine rupture occurring 
locally!, might be due in part to powerful uterine 
spasmogens in these medicines, and some of the plants 
were obtained from African herbalists and identified. 

Cold aqueous extracts of the dried bark of Albizia 
gummifera (Gmel.) C. A. Smith and Albizia grandi- 
bracteata (Taub) and Albizia chinensis (Osbeck) 
Merrill were found in vitro to produce powerful 
contractions in strips from the gravid uteri of mice, 
rats, guinea-pigs, sheep, cows and humans. The 
mouse and rat uteri were less sensitive than those of 
the other animals, and non-gravid uteri were responsive 
but much less sensitive. Marked effects were produced 
by a concentration of the extracts in the isolated 
organ bath of the order of 100-500 ygm./ml., ex- 
pressed as dry bark weight/bath volume. 

The responses still occurred unchanged in_ the 
presence of sufficient atropine and antihistamines to 
abolish the responses to acetyl choline and histamine, 
and the extracts did not affect guinea-pig duodenum 
or ileum én vitro, nor did they affect the rectus muscle 
of the local toad, Bufo regularis (Vai). 

For further study, inert residues were removed by 
preliminary extraction of the bark with neutral low- 
boiling hydrocarbons ; extracts then obtained with 
aqueous lower alcohols were found to contain most 
of the active material. 

A further inactive fraction was removed either by 
precipitation from aqueous solutions by basic lead 
acetate, or by a method devised by Drs. 8. Wilkinson 
and H. T. Openshaw of the Wellcome Researcli 
Laboratories, Beckenham, England, involving dialysis 
and freeze-drying. The yield varied from 10 to 45 
mgm./gm. of dry bark. 

The activity was completely destroyed on mild acid 
hydrolysis, and prolonged boiling or prolonged 
standing, especially in sunlight, caused a ste.dy 
decline of potency. The active material was not 
taken up by chloroform from neutral, acid or alkaline 
solution. The tentative conclusion that it was 
glycosidal and probably saponin in character. 
supported by the work of Drs. Wilkinson and Open- 
shaw. Saponins have been found in plants of the 
genus Albizia by other workers’. 
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lhe extracts were administered intravenously to 
guinea-pigs, rabbits, cats, and monkeys (Cercopithecus 
under nembutal, urethane or chloralose anws- 
thesia. A small transient fall in blood pressure 
proportional to the dose always occurred, and some- 
‘'s changes in respiration were observed. The 
gravid and non-gravid female monkeys showed 
powerful prolonged uterine contractions recorded by 
means of a guard-ring tocodynamometer externally, 
or using a catheter and pressure transducer system. 

Some of the smaller animals also showed increased 
uterine activity on intravenous administration of the 
extracts. 

Conscious, intact, mice, rats, rabbits and guinea- 
were given intraperitoneal, intravenous or gastric 


pig 
tube doses of solutions of the drug. No abortions, and 
few deaths occurred in mice, even with large doses ; 


in rats, rabbits, and guinea-pigs however, doses by 
any route could induce partial or complete abortion 
in gravid animals at any stage of gestation, although 


doses by gastric tube needed to be much larger for 
the same effects. Toxic effects appear at higher doses, 
although examination of these animals showed no 


obvious pathological changes in any tissues and the 


only fairly general symptoms were anorexia and a 
somewhat inflamed intestine ; diarrhoea was sometimes 
present, but microscopic examination failed to show 


abnormality in any organs. Control animals given 
very large doses of ergometrine were unaffected. 

All extracts were tested in aqueous solution con- 
trolled for pH and temperature and containing 
appropriate ions in solution. 

A. Lirron 
Makere College Medical School, 
P.O. Box 2072, 
Kampala, Uganda. 
June 15. 
' Rendle-Short, C. (personal communication, to be published). 


*Watt, J. M., and Breyer-Brandwijk, M. G., Arch. Int. Pharm Ther., 


36, 233 (1929). Tschirch, A., “Handbuch der Pharmakognosie”’, 


2, 2, 1501; 3, 1, 26 (Leipzig, C. H. Tauchnitz, 1909-25). Peyer, 
W., and Liebisch, W., Apoth. Ztg., 94, 1422 (1928). Barua, A. 
K., and Raman, 8. P., Sci. and Culture, 23, 435 (1958). Farooq, 


M. O.. Varshney, I. P., and Hasan, H., Arch. Pharm., 292, 57 
(1959). 
* Smyth, C. N., J. Obst. Gyn., 64, 59 (1957). 


Differential Analysis of the Effects of 
Phenothiazine-Tranquillizers on Emotional 
and Motor Behaviour in Experimental 
Animals 
\ RECENT communication! pointed out that chlor- 
promazine simultaneously reduces emotional defzca- 
tion and ambulation in rats to the same degree. Ryall 


therefore concluded that the main behavioural effect of 


this drug in animal experiments is one of sedation 
and that the reduction in fear-motivated behaviour 
observed in animal experiments is secondary to the 
sedative action. 

In the study of a series of phenothiazine derivatives 
in which similar methods were employed, we obtained 
results which show that Ryall’s conclusion is not 
generally applicable. In our experiments rats were 
trained to avoid an electric shock when an acoustic 
signal (conditioned stimulus) was given, by climbing 
a vertical pole in the centre of the cage?-4. A correct 
conditioned avoidance response was obtained in 98 per 
of the tests. During the experiment the rats also 
exhibited a high degree of behavioural tension. One 
main sympton of this behavioural state is an increased 
lefvcation rate (emotional defzecation®). Quantita- 
tiv ly, 8-9 feeeal pellets are excreted within a 10-minute 
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period during which 10 successive conditioned escape 
responses are elicited. To analyse the action of each 
drug, the motor and defiecational behaviour of rats 
treated subcutaneously two hours before the test was 


compared with that of control animals. At least three 
different dosages of the drug producing minimal or 
pronounced inhibitory effects were given to groups of 
S rats. The doses inhibiting the conditioned avoidance 
response in 50 per cent of the tests and the doses 
reducing the number of excreted fecal pellets by 
50 per cent (EZ D50) were calculated. 

The locomotor activity of mice was determined using 
a modification® of Dews’ method’. Two mice were 
placed together in a cage measuring 20 « 30 em. A 
beam of light was projected from the front of the cage 
to the back where it was reflected to the front of the 
cage. Owing to the unfamiliar environment a period of 
curiosity-induced excitation lasting 20 minutes was 
first observed. This period of increased ambulation 
was recorded in control animals and in mice treated 
one hour before with various subcutaneous doses of 
the drugs. Groups of 16 animals were used per dose. 
From these data the #D50, that is, the dose of the 
drug decreasing the spontaneous motor activity by 
50 per cent was calculated. 
MoTor 


Table 1. PHENOTHIAZINES ON 


BEHAVIOUR 


EFFECT Of AND EMOTIONAL 
Inhibition of 
emotional 


Inhibition of 
motor activity 


Inhibition of 
conditioned 


escape response defiecation in mice 
in rats in rats 
ED5v E DSO ED50 
(mgm. /kgm, (mgm. /kgm. (mgm./kgm. 
$.c.)* 8.c.) s.c.) 
Perphenazine OL O-4 0-22 
Prochlorperazine OD 0-6 1-0 
Chlorpromazine 1-2 17 1-9 
Thioridazine 9-5 2°38 72 
Sc. subcutaneous. 
The results are summarized in Table 1. Chlorpro- 
mazine inhibited, to about the same _ degree, 


emotional defecation and the conditioned avoidance 
response of rats as well as locomotor activity of mice. 
These data are in perfect agreement with Ryall’s! 
results. Prochlorperazine was 2-3 times more potent 
than chlorpromazine in all tests, but exhibited qualita- 
tively the same activity pattern. Perphenazine—the 
most active drug studied—inhibited conditioned 
escape response and locomotor activity to a greater 
extent than the emotional defecation. (Species 
differences in these tests can be excluded since the 
relative sedative potency of these drugs is similar in 
rats and mice’.) Since all three drugs reduce emotional 
defecation only in doses slightly higher than those 
which cause sedation, it could be concluded that the 
inhibition of the emotional behaviour is secondary to 
the sedation. 

However, results obtained with another pheno- 
thiazine compound, thioridazine’, do not justify such 
aconclusion. As shown in Table | thioridazine is much 
more effective in inhibiting emotional defecation than 
in inhibiting the conditioned escape response or the 
motor activity of mice. Even in high doses (10 mgm./ 
kgm.) thioridazine does not interfere with the normal 
defecation rate in rats, have any notable anticho- 
linergie effect in vitro, or inhibit normal intestinal 
activity as measured in the charcoal meal test. The 
inhibitory effect of thioridazine on emotional defieca- 
tion can therefore not be attributed to a peripheral 
anticholinergic or spasmolytic effect. 

We must therefore conclude that a certain type of 
phenothiazine derivatives selectively depresses the 
emotional defecation and has relatively little effect on 
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motor performance (thioridazine), while others inhibit 
both functions equally (chlorpromazine, prochlor- 
perazine) and yet others (perphenazine) predominantly 
reduce the conditioned avoidance response and the 
motor activity. It seems therefore that the sedative 
and anti-emotive effects of these drugs are indepen- 
dent of each other. 

Further experiments with the above-mentioned 
drugs (to be published) revealed a striking parallelism 
between their inhibitory potency on the conditioned 
escape response and their cataleptic activity in rats. 
Previous studies!® and recent findings®:!! have also 
stressed the parallelism between the cataleptic effect 
of these compounds in animals and the incidence of 
extrapyramidal side-effects in man. The depressant 
effect of these drugs on conditioned and motor perfor- 
mance of experimental animals is apparently not 
directly related to their therapeutic tranquillizing 
effect, but rather to the manifest depression, apathy or 
extrapyramidal symptoms. The inhibitory effect on 
emotional behaviour, on the other hand, seems rather 
to be related to their therapeutic activity. 

M. TAESCHLER 
A. CERLETTI 


Department of Pharmacology, 
Sandoz, Ltd., 
Basle. 
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An Attempt to Produce Malignant Change 
with Deoxyribonucleic Acid from Rat Sarcoma 
and Hepatoma 

Benoit, Leroy, Vendrely and Vendrely!:*3)4 have 
described changes in the pigmentation of the Pekin 
duckling after injection of deoxyribonucleic acid 
from the Khaki-Campbell drake, which they inter- 
preted as a somatic mutation. Perry and Walker® 
and Bearn and Kirby® have repeated similar work in 
the rat and failed to produce any change. Hewer 
and Meek? injected young mice with deoxyribonucleic 
acid from herring sperm, and within 23 days produced 
death from malignant disease of the intestine. 
Leuchtenberger, Leuchtenberger and Uyeki® pro- 
duced cytological changes in the livers of mice by 
intraperitoneal injection of deoxyribonucleic acid 
prepared from breast cancers of C,H mice. This 
work has now been repeated in the rat using de- 
oxyribonucleic acid prepared from rat sarcoma and 
rat hepatoma. 

The deoxyribonucleic acid used in these experiments 
was prepared from rat hepatoma and rat sarcoma by 
the method described by Kirby®!%1!!, The final 


product was precipitated and dried and then made 
into a highly viscous suspension by adding 0-9 per 
56-8 mgm. of rat sarcoma deoxyri- 


cent saline. 
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bonucleic acid were injected in equal amounts into 


18 newly born Wistar rats subcutaneously and 
intraperitoneally within 3 hr. of birth. Abdominal 
distension was caused with each injection, but no 
mortality resulted. 57:3 mgm. of hepatoma ce- 
oxyribonucleic acid were injected into 8 newly born 
rats in the same way. Each rat received either 
3 mgm. of sarcoma or 7 mgm. of hepatoma de- 
oxyribonucleic acid. 

All animals survived and were weaned at 3 weeks. 
They grew normally from then on, and at nine months 
are all well. No tumours are present. 

These results show, at present, a failure to produce 
malignant change using deoxyribonucleic acid from 
the rat sarcoma and hepatoma. 

Deoxyribonucleic acid is now of very considerable 
interest in view of the transformations produced in 
viruses by Avery, Macleod and McCarthy?? and the 
somatic mutations produced in ducks by Benoit, 
Leroy, Vendrely and Vendrely!»?)3}4. As a working 
hypothesis it is widely accepted that deoxyribonucleic 
acid is the primary genetic material’*. In_ these 
transformation experiments the molecules of de- 
oxyribonucleie acid become incorporated into the host 
and so produce a change in the virus or cell type from 
then on. The cancer cell may be considered as a 
mutant cell which proceeds to grow as a result of this 
mutation in an abnormal manner. On this theory, 
it should be possible to produce malignant changes in 
normal cells using deoxyribonucleic acid from cancer 
cells. One obstacle is to effect the incorporation of the 
deoxyribonucleic acid from malignant cells into the 
normal cell. It is believed that many workers are 
proceeding along these lines of research at the present 
time and, therefore, it is of importance to report 
methods that have failed to produce positive results. 

I am indebted to Prof. E. W. Walls for his advice 
and encouragement. 

I am most grateful to Dr. K. 8. Kirby of the Chester 
Beatty Research Institute, London, for providing the 
preparations of deoxyribonucleic acid. 

J. G. BEARN 
Department of Anatomy, 
Middlesex Hospital Medical School, 
London, W.1. 
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Differentiation Between a Growth-Promoting 
Factor and a Tumour-Susceptibility Factor 
in Eggs 

SZEPSENWOL! reported that feeding a diet composed 
mainly of cooked eggs to mice resulted in a significant 
increase in the number of animals spontaneously 
developing tumours. Denton? found that feeding egg 
yolk increased the growth of chicks. Recently Hradec’ 
presented evidence, based on fractionation studies, 
which indicated the identity of the tumour suscepti- 
bility-enhancing and the growth-promoting factors. 
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The study presented in this report was undertaken to 
determine by feeding experiment whether or not these 
factors were identical. 

In order to measure susceptibility to tumour, a 
lymphoid tumour transplant, RPL 12, was used. It 
should be noted that none of the tumours found by 
Szepsenwol! was of this type; however, preliminary 
experiments indicated that feeding cooked eggs to 
chicks increased the susceptiblity to this transplant. 

Forty White Plymouth Rock chicks were fed each 
experimental diet from the day of hatching. At six 
days of age the chicks were inoculated in the right 
pectoral muscle with a saline suspension of tumour 
cells containing the equivalent of 10 mgm. of tumour 
The suspension was prepared as_ described 
previously4. After inoculation, the experiment was 
continued for four weeks. At this time mortality had 
ceased and tumours could not be palpated among the 
survivors. 

\t two weeks of age, 


COLLIS. 


before any mortality had 
occurred, the chicks were weighed. The results of this 
weighing are presented in Table 2. The data on 
weights were analysed for significance by the ‘¢’ test, 
that for mortality by the 7? test. 

The eggs were prepared by autoclaving fresh eggs 
for twenty minutes at fifteen pounds’ pressure. The 
shells were removed, the eggs ground, and air-dried at 
about 53° C. After drying a portion of the eggs were 
extracted continuously for 36 hours with 95 per cent 
ethyl aleohol. This procedure was designed to extract 
the growth-promoting factor. After extraction, the 
residue was air-dried at room temperature, reground, 
and added to the feed at a level equivalent to that of 
the whole egg. The solvent was removed from the 
extraet by distillation and it was also added to the feed 
at equivalent whole-egg levels. In this study the eggs 
rep laced corn meal. 

lable 1 lists the ingredients of the diet used. 


The 


results of the study are presented in Table 2. 
Table 1. COMPOSITION OF THE BASAL DIET 
Per cent 

soybean oil meal (solvent) oe a is 30-0 
( — yellow corn 3 te 60°85 

fluorinated rock — ate cr os en 5-0 
s alt : ve ¥s ss 0-5 
Methionine .. i 25 of as "— 0-3 
Vitamin mixture* .. sa ae ce by 0-2 
Choline chloride O-L5 


Mn 8O,.H,O0 
, Supplies per Ib. ‘of diet : 

Thiamine : 
Riboflavin 
Niacin a 
Pantothenic acid 
Folic acid 
Hiotin 
Pyridoxine 
Choline 
Vitamin B,, 
Vitamin A 
Vitamin D 
Menadione . ne 
Alpha-Toc ophe rol Acetate 


10 mgm. 


0-9 mgm. 
1-6 mgm. 
8-0 mgm. 
5-0 mgm. 
0-45 mgm. 

45 ugm. 
1-6 mgm. 

700 mgm. 
3ugm, 

3000 L.U. 

180 1.0. 

10 mgm. 
10 mgm. 


lablo 2. EFFECT OF EGGS ON WEIGHT GAINS AND MORTALITY TO RPL 12 
Wt. Gain 
per cent of 

control 


Mortality 
(per cent) 


Control ae oS 100 46-4 
2 per cent dried eggs a 138-9+ 71-8* 
Extracted eggs equivalent to 25 
er cent 104-4 73-9* 
\lcohol extract of ‘eggs equivalent 
to 25 per cent 118-5f 38°L 


* Significantly greater (P <-05) than control. 
i Significantly greater (P <-01) than control. 


The alcohol extract contained the growth factor 
but not the tumour-enhancing factor. These findings 
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clearly show that the two factors as measured in this 
experiment are not identical. 
These results apparently conflict with the conclu- 


sions of Hradec*. It is possible that the tumour- 
enhancing factor for rats studied by Hradec and that 
for chicks as measured in this experiment are different 
entities. Support for this view lies in the fact that the 
rat tumour-enhancing factor is destroyed at 90° C. 
while the cooked eggs were still active. Furthermore, 
the rat tumour-enhancing factor is soluble in common 
fat solvents? while the chick factor is not soluble in 
95 per cent ethyl! alcohol. 
We wish to express our appreciation to Myrl K. 
Warren for her technical assistance in this study. 
CHARLES H. HILL 
HeNrY W. GARREN 
Department of Poultry Science, 
North Carolina State College, 
Raleigh, North Carolina. 


96. 332 (1957) 
Fed. Proc, 13,455 A954 


1 Szepsenwol, J., Proc. Soc. Exp. Biol. Med.. 
* Denton, C. A., Lillie, R. — Sizemore, J. R., 
®* Hradec, J., Nature, 182, 52 (1952). 


* Hill, C, HL, and Garren, H. W., Cancer Res,, 16, 1019 (1956). 


PLANT PHYSIOL OGY 


Occurrence of 3-Indolylacetic and 
3-Indolecarboxylic Acids in Tomato Crown 
Gall Tissue Extracts 


A NUMBER of publications! report high auxin 
activity in extracts of tumour tissue initiated by the 
crown-gall organism, Agrobacterium tumefaciens, and 
indirect evidence indicates a high rate of auxin meta- 
bolism in this tissue?. Suggestions have been made that 
3-indolylacetice acid is involved, although this has not 
been proved. There is evidence that auxin activity 
occurs at the same or a similar Ry as 3-indolylacetic 
acid on one-dimensional chromatograms and other 
investigations indicate that 3-indolylacetic acid or 
“an auxin with same Re” is present in extracts of 
aseptically cultured gall tissue of tobacco and sun- 
flower’. We have carried out single and two-dimen- 
sional paper chromatography with the acid fraction 
from ether extracts of large quantities of tomato 
crown-gall tissue grown on the stems of whole plants 
to determine whether 3-indolylacetic acid is in fact 
present. 

Gall tissue, obtained by inoculating tomato plants 
with Ag. tumefaciens, was harvested after 6-8 weeks, 
stored at — 10° C. until required, then macerated 
under peroxide-free ether at about 0° C., and kept for 
24 hr. at — 10° C. in darkness. Normal stem tissue 
from plants of the same age and wounded in the same 
manner as that bearing the galls, was extracted for 
comparison. On allowing the extracted frozen tissue 
to thaw, an aqueous liquid separated out. This was 
brought to pH 2 and extracted with ether, this extract 
being combined with that from the tissue. Acidic 
compounds were removed from the combined ether- 
extracts by shaking three times with 5 per cent 
aqueous sodium bicarbonate. After acidification to 
pH 2, this was re-extracted with peroxide-free ether to 
remove organic acids. Preliminary experiments 
showed that 10 ugm. 3-indolylacetic acid, added to 
100 gm. of either tissue before maceration, could be 
recovered almost quantitatively by the above extrac- 
tion procedure. 

Activity in the wheat cylinder test was obtained on 
chromatograms of gall extract equivalent to 250 gm 
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fresh weight of tissue. Not less than 650 gm. was 
required, however, for positive chromogenic reactions. 
To enable the extract from this amount of material to 
be loaded on the papers, a second extraction with 
0-1 per cent aqueous sodium bicarbonate was neces- 
sary, to separate pigments from the acids present in 
the extracts. 

Extracts from some 1.000 gm. of both gall and stem 
tissue were submitted to two-dimensional ascending 
chromatography, the first solvent being 7sopropanol 
ammonia (specific gravity 0°880)/water in the ratio 
80:5:15 v/v, and the second either m-butanol/ 
pyridine/water in equal volumes, or n-butanol/acetic 
acid/water in the ratio 12: 3: 5 v/v. 

Treatment of developed chromatograms’ with 
Ehrlich or Salkowski reagents established that 
3-indolylacetic acid, added to similar amounts of stem 
or gall tissue extracts, ran as a discrete spot with a low 
Ry (0°36—-0°41 in isopropanol/ammonia/water instead 
of 0°48) in the first direction, but with the correct Re 
in the second direction (Rr in n-butanol/pyridine/ 
water, 0°66; Ry in n-butanol/acetic acid/water, 0°89). 
Thus, separation from other components was achieved 
in the first solvent and the retarding effect of impurities 
with the second solvent was negligible. 

Chromatograms of gall extract, equivalent to 
1,000 gm. tissue, showed typical chromogenic reactions 
for 3-indolylacetic acid at the same R- values as the 
tissue extract plus 3-indolylacetic acid marker, and 
identical gall chromatograms showed high activity in 
both the wheat cylinder and pea segment tests4 in the 
3-indolylacetic region. There was no evidence of a 
chromogenic pattern which might suggest the presence 
of 3-indolylpyruvie acid®, although a pink spot was 
observed on the chromatograms, which was later 
shown to be due to 3-indolecarboxylic acid, with 
Rr 0°31 in isopropanol/ammonia/water; 0°77 in 
n-butanol/pyridine/water, and 0°88 in n-butanol/ 
acetic acid/water. The pink spot obtained on treat- 
ment with both Ehrlich and Salkowski reagents 
showed a characteristic dull red fluorescence in ultra- 
violet light. 

There was no region of auxin activity on the corres- 
ponding two-way chromatogram from stem tissue, but 
3-indolecarboxylic acid was again found to be present. 
Chromatograms sprayed with Salkowski reagent 
showed no colours other than the pink one due to 
3-indolecarboxylic acid, but with Ehrlich reagent, a 
blue spot was obtained which, however, disappeared 
within 24 hr. of spraying the paper. Although the 
position of this spot (F- 0°38 in zsopropanol/ammonia/ 
water; 0°64 in n-butanol/pyridine/water and 0°89 in 
n-butanol/acetic acid/water) corresponded closely with 


that of 3-indolylacetic acid, the complete absence of 


auxin activity in this region of the chromatogram, the 


negative Salkowski test and the transient nature of 


the blue colour obtained with Ehrlich reagent, all 
indicate that the compound is quite different from 
3-indolylacetic acid. It would therefore appear that 
the ether extract of mature tomato stem tissue con- 
tains a compound inactive as an auxin but which 
behaves on chromatograms very similarly to 3-indoly- 
lacetic acid. In this connexion it is of interest to note 
that some sugars® and other substances, probably 
leucoanthocyanins’, have been shown to give chromo- 
genic reactions similar to those of 3-indolylacetic acid 
on paper chromatograms. It is clear, therefore, that 
claims for the identification of 3-indolylacetic acid in 
tissue extracts, based on chromogenic reactions with- 
out supporting biological evidence, should be accepted 


with reserve. 
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The present experiments have shown that whereas 
free 3-indolvlacetic acid is not detectable in extracts 
of up to 1 kgm. of healthy mature tomato stems, it is 
present in those of crown-gall tissue. In our work, 
however, large amounts of this tissue were used and 
only small amounts of free 3-indolylacetic acid were 
detected. This result is perhaps not surprising, for 
whilst auxin is likely to be synthesized rapidly in 
actively growing galls, it is equally likely to be rapidly 
utilized in the growth reaction. Furthermore, other 
non-acidic growth-substances may be present which 
contribute with 3-indolylacetic acid to the overall 
growth of crown-gall. 

Full experimental! details of this work will be pub- 
lished elsewhere. 

G. CLARKE 
M. H. DyE 
R. L. Warn 


Chemistry Department and Agricultural Research 
Council Unit on Plant Growth Substances and 
Systemic Fungicides, 

Wye College, 

University of London. 

May 26. 
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Joint Action of Gibberellic Acid and 
Coumarin in Germination 


THE stimulatory effect of gibberellic acid on germi- 
nation has been recently observed!-3 and the possible 
modes by which this is brought to pass have been dis- 
cussed by Brian*. Coumarin is well known as a 
germination inhibitor®:* and is also known to induce 
light sensitivity in certain seeds not normally requiring 
light for their germination’. It seemed of interest 
therefore to determine whether gibberellic acid, like 
light, could reverse inhibition in coumarin treated 
seeds. Lettuce seeds, variety Grand Rapids, were 
allowed to germinate for 48 hr. at 25° C. in the dark in 
water, or solutions of coumarin, gibberellic acid 
(sodium salt), or mixtures of the two. The results are 
shown in Table 1. 

Table 1. COMBINED ACTION OF GIBBERELLIC ACID AND CCUMARIN 0N 


GERMINATION OF LETTUCE SEEDS. (RESULTS ARE GIVEN AS PER CPN1 
GERMINATION.) 


Gibberellic acid Coumarin concentration (M) 


concentration (M) 0 10-* 3:3 x 10-4 66 x 10°* 
0 - om nie 74 13-5 2 0 
0-95 x 10-4 (33 p.p.m.) 97-5 = 382 1-5 0 
1-9 x 10-4 os “ 100 45 8-5 0-7 
3-8 x 10-* a <e 100 95 21 10 


Tt can be seen that gibberellic acid does in fact 
reverse the inhibition of germination by coumarin, the 
extent of reversal being a function of the concentra- 
tion of both the substances. It is important to note 
however that the concentrations of gibberellic acid 
required to cause this reversal are rather higher than 
those at which this substance is active in other ways, 
for example, germination stimulation or growth?’ 
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However, coumarin and gibberellic acids are active at 
about the same external molar concentrations. 
Although gibberellic acid reversed the inhibition of 
germination it did not appear to reverse the effect of 
coumarin inhibition of growth. This was shown by 
allowing seeds to germinate either in solutions of 
coumarin (1'7 x 10-4 M) or in the same solution of 
ecumarin with the addition of 3:8 x 10-4 M gibberellic 
acid. The seeds were given a light stimulus after 
2 ir. and then replaced in the dark in order to produce 
109 per cent germination so that effects on growth 
would not be obscured by effects on germination. 
Measurements of length of roots and hypocotyls of the 
4s-hr. seedlings showed that gibberellic acid in the 
d:rk had no detectable effect on the growth inhibition 
induced by coumarin in either case. This is of interest 
because gibberellic acid is known to cause marked 
elongation in hypocotyls of lettuce seedlings9. 

Coumarin is known to affect both germination and 
growth!°, Gibberellic acid is capable of reversing its 
aciion in germination, but apparently not in growth, 
in a way somewhat similar to that of red light. This 
provides support of the view of Brian* on the mode 
of action of gibberellic acid and its relation to the light 
effect. It is also consistent with the hypothesis that 
coumarin inhibits germination through its action on 
the production or metabolism of growth substances, 
which may be gibberellin-like. This view however 
leaves unexplained the blocking by coumarin of 
growth processes, or the failure of gibberellic acid to 
reverse it. It will be of interest to study the inter- 
actions of these two substances in other tissues known 
to respond to them. 

My thanks are due to Dr. P. W. Brian for the 
gibberellic acid, and to Messrs. Pieters-Wheeler 
Seed Co.. Gilroy, California, for the lettuce seeds. 

A. M. MAYER* 
Low Temperature Research Station, 
Cambridge. 
May 29. 


* Permanent address : Department, Hebrew University, 


isalem, Israel. 
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BIOLOGY 
Eels in Southern Africa 


IELD work carried out in South Africa and 
extended into Southern Rhodesia, has enabled me 
to ink the study of the biology of the fresh-water eels 
with work carried out by Frost in Kenya!, and on 
material from Northern Rhodesia?. A more detailed 
report is in preparation but the following may be of 
intrest to other workers. 

‘ive species are represented : the two predominant 
African eels Anguilla nebulosa labiata Peters, and 
A. mossambica Peters, the widely distributed A. 
marmorata Quoy and Gaimard, and A. bicolor bicolor 
McOlelland, and the rare A. obscura Gunther. Elvers 
of he two predominant eels reach the mainland during 
th. period January-February, those of A. n. labiata 
54-58 mm. in length, and those of A. mossambica 
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45-55 mm. The main body of elvers of the former 
species reaches the coast between Kenya and a point 
21°S., and those of A. mossambica from 21°S. to a 
point 32°S. Outside these southerly limits elvers of 
either species become rare. In those rivers flowing 
into the Indian Ocean within these elver zones we 
find that it is the adult of the predominant species of 
elver that is furthest inland, and that has reached the 
highest altitudes. For example, from Kenya to the 
Inyanga Mountains of north-eastern Southern 
Rhodesia it is A. n. labiata that is found in the high- 
land trout streams; south of this and through the 
Transvaal to Natal it is A. mossambica. The dispersal 
of these two species over a river system appears to be 
governed by the size of the eel reaching the river 
mouth, and not by water temperature or any par- 
ticular environment. The ability of these small 
creatures to carry out amazing migrations is shown by 
the number of eels found above waterfalls, some over 
300 ft. in height, but it is evident that once they have 
reached a critical length they are unable to negotiate 
these obstacles. Young eels, 80-100 mm. in length, 
of the species A. mossambica, have been found inland 
at a height of 4,600 ft., and 475 miles along the river 
from the sea; some have even negotiated the Vaal- 
Limpopo River watershed and have entered the 
Orange River system which flows into the Atlantic 
Ocean. 

Frost* has also reported elvers of the species 
A. bicolor bicolor from the coast of Tanganyika, but 
their southerly limit is not known. It is, however, 
significant that small eels of this species were collected 
in Southern Rhodesia 190 miles away from the sea by 
river, an unusual distance inland for this short-finned 
eel to be found. 

Whilst A. n. labiata and A. mossambica are the 
predominant eels in the areas specified, their dis- 
tribution beyond these limits is considerable, par- 
ticularly towards the south. This additional dispersal 
is due to the migrations of young eels or post-elvers, 
and the number involved decreases with distance 
from the elver zone. For example south of latitude 
32°S. elvers of A. mossambica are rare, and elvers of 
other species have not been found. The rivers of the 
south-eastern and southern Cape Colony are populated 
by secondary migrations of post-elvers, 90-130mm., in 
length, all A. mossambica, accompanied by young 
eels 140-250 mm. in length, of the same species as 
well as A. marmorata, A. n. labiata and A. b. bicolor. 
These migrations are carried out with the same 
enthusiasm and determination as shown by migrating 
elvers, but it is only the smaller eels that are able to 
negotiate man-made obstacles such as the walls of 
large dams. Specimens taken during these migrations, 
either coming from, or near the sea, lack the full 
pigment of young eels taken further inland, and 
appear to have been at sea for a long period. It is 
fairly obvious that their route was not a direct one, 
and some of the answer may lie in the complex sea 
currents of this area. That considerable wandering 
around in the sea takes place after metamorphosis is 
shown by the fact that young eels, as well as adults, 
of the species A. marmorata, A. n. labiata and A. b. 
bicolor have been found as far west round the south 
Cape coast as Knysna, all some 2,000 miles from their 
known elver zones. Even more astounding are the 


records of A. anguilla from Kenya‘, which must have 
reached there via the Suez Canal, and A. obscura from 
the Buffalo River® near East London. 

By comparing vertebral counts and the sizes of 
elvers of the eels of the Indian Ocean there is no 
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indication, except in the case of A. n. labiata, that 
distances involved in distribution are associated with 
a prolonged larval life ; secondary migrations carried 
out by post-elvers could account for the extraordinary 
distances covered. The elvers of the closely related 
A. nebulosa nebulosa McClelland and A. nebulosa 
labiata Peters, separated by vertebral counts, are 
similar in size, but it is possible that the examination 
of more material may show that, as suggested by 
Tucker in the case of A. anguilla®, the increase in 
vertebral count is associated with a prolonged larval 
life, and that the east African mottled eels, which are 
quite distinct from A. marmorata, are indeed the 
Indian eel A. nebulosa and originate from the same 
breeding ground. 

Mature female eels of the species A. marmorata, 
A. n. labiata, A. mossambica and A. b. bicolor have 
been found near the sea, as well as males of just one 
species A. mossambica, in South African rivers. 
These have all been taken during the period November 
March. Like the European eel these have had the 
characteristic dark dorsal surface, silvery belly, 
much enlarged gonads, large eyes and pointed snout, 
but all have been feeding on fishes and crustacea, and 
there has been no sign of degeneration of the gut. 
It is noteworthy that in South Africa the migrations 
of mature eels to the sea, and those of elvers and 
post-elvers from the sea, take place during the summer 
months with maximum activity during January and 
February, but, being dependent upon good rains and 
substantial river flow, these migrations are erratic. 

This investigation, which also covers the economic 
importance of the freshwater eels, is being sponsored 
by the Council for Scientific and Industrial Research, 
Pretoria. 

R. A. JuBB 

Department of Icthyology 

Rhodes University, Grahamstown, 
South Africa. 
June 26. 
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* Frost, W. E., Nature, 179, 594 (1957). 
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A Free-Floating Marine Red Alga 


Ow April 14, 1959, during a research trip along the 
coast of Victoria, Australia, the beach at Bridgewater 
Bay, near Portland, was observed from a distance to 
show a deep red band at about high-water mark, and 
the sea to be similarly coloured close inshore. The 
band on the beach was up to 25 ft. broad and several 
hundred yards long, and consisted of enormous 
numbers of deep red algal balls, each about 1 em. in 
diameter. The mass of balls was generally 1—2 in. 
deep, but in places reached 10 in. Amongst rocks at 
the end of the beach the bails were piled up 2-3 ft. 
high, and large rock pools were completely filled with 
them. Other alge were virtually absent from this 
drift, but further eastwards along the beach fairly 
rich drift of other alge occurred. In no case were 
the red algal balls found attached to any other alga 
or marine angiosperm. 

From the top of nearby cliffs, numerous red streaks 
were seen extending 200 — 300 yards out to sea beyond 
were 
water 


the immediate beach waves; these streaks 
probably several yards with clear 
bet ween them, and were orientated perpendicular to 
the beach. They were throughout the 


across, 


present 


morning of observation. 
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The alga concerned appears to be a species of 
Antithamnion which was growing actively as a free- 
floating form offshore from the beach, with some 
being continually washed up on the beach. The 
absence of any plants attached to other alge, and 
the structure of the balls described below, precludes 
the possibility that they had been detached in 
enormous numbers from some sublittoral substratum 
or host. The balls can be described as of the ‘wga- 
gropilous’ form, and of one hundred balls examined, 
96 were tetrasporangial and 4 were apparently sterile. 
No sexual plants were seen. 

The base of the plants consists of an axial cell, in 
general with no evidence of any attaching organs. 
In about 25 per cent of the plants, however, 2 to a 
few multicellular rhizoidal filaments had developed 
from the end cell, but these showed no signs of having 
been attached to anything. The oldest parts of the 
thallus were situated near the centre of the balls. 
Multiplication apparently occurred by fragmentation 
of the thallus, and axial cells from which branches 
had broken were frequently observed. In a few cases 
dead cells occurred in lower parts of the thallus, but 
fragmentation usually appeared to take place between 
two adjacent cells. 

The thallus is dichotomously branched, with 
verticils of short pointed laterals at the upper end of 
each cell. The cells are 1-2 times as long as broad, 
varying from about 60 diameter near the apices to 
180-250u in the oldest parts. The short laterals 
occur in verticils of 4 except immediately above a 
branch axil, where the inner lateral is usually absent ; 
in the latter case the outer lateral is usually larger 
than the other two. The laterals are not placed in 
line with those of adjacent cells. The laterals are up 
to 80u long, 25-35u broad at the base, consisting of 
3-5 cells, unbranched, tapering sharply to a blunt 
point, and often bearing hairs on a short stalk cell, 
most commonly on the upper side of the basal cell. 
The thallus is not mucilaginous. Epiphytie growth 
of diatoms, other microscopic alge and protozoans 
was considerable. 

The tetrasporangia are sessile on the upper side of 
the basal cell of short laterals, 45-60u in diameter, 
and are cruciately divided, though often appearing 
tetrahedral when mature; the division, however, 
appeared to be successive in all cases, with the second 
and third divisions almost simultaneous and at right 
angles to each other. Sporangia are not frequent on 
most plants, and in some cases only one or two per 
plant were found. 

The alga was maintained in culture for 2-3 weeks, 
but soon became overgrown with the numerous 
epiphytes originally present. Further development of 
the short laterals into longer shoots, themselves wit! 
very short laterals, was observed. 

In the absence of sexual material the genus cannot 
be determined with certainty, though it is certainly 
close to Antithamnion, and it appears to be distinct 
from any previously described Australian specics. 
Revisional studies at present under way on Australian 
Crouaniez will include this alga. 

The water in which this alga was growing is open- 
ocean water, within a wide bay, and is not subject 
to any pollution or dilution. The salinity 15 
approximately 36 per mille and the sea temperature 
about 16°C. 

As far as we can ascertain, this is a unique case of a 
free-floating member of the Rhodophyta in open 
water. The following additional information on :ts 
occurrence before and after our observations are from 
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Mr. C. Beauglehole, a local algal collector. Local 
residents had observed a ‘red beach’ for a few days 
before April 14, but not on any previous occasion 
within recent years. On April 15, a very high tide 
almost completely removed the beach drift, but great 
masses were visible out to sea, somewhat east of the 
original streaks. The floating masses, with some 
beach drift, were present on April 18 (forming a line 
about 20 yards wide and a mile or more long), but 
had disappeared at Mr. Beauglehole’s next visit on 
April 26, and have not been observed since. On 
\pril 18, large breakers just off a reef were coloured 
red by the algze, which always appeared to maintain 
its position offshore. No trace of this alga was seen 
in nearby bays during the period of observations. 

(his occurrence is apparently more in the nature of 
a ‘bloom’ during especially suitable conditions, 
though its development under the normally fairly 
rough conditions of Bridgewater Bay is remarkable. 
On April 14, waves near the beach were about a foot 
high and similar conditions had prevailed since a 
storm 8-10 days earlier. 

he most striking free-floating marine alga is the 
Sargassum of the Sargasso Sea!. ‘Loose-lying’ forms 
of other marine algze are known from the Baltic’, and 
such forms of Fucacee in salt marshes are well known. 
Moore®»’, has recorded loose-lying forms of Macrocystis 
pyrifera and Hormosira banksii in New Zealand. 
These loose-lying forms all appear to be confined to 
calm, shallow bays, with dilution a prominent feature 
in the Baltic, and in most cases the alge concerned 
lie on the bottom. Such eases seem to be distinct 
from the Antithamnion reported here. Also these 
loose-lying forms are invariably sterile, while nearly 
all of the Antithamnion plants were tetrasporangial. 

H. B. S. WOMERSLEY 
Department of Botany, 
University of Adelaide. 
R. E. Norris 

Department of Botany, 
University of Minnesota. 
ie E., “The Structure and Reproduction of the Algw’’, 2, 
‘Moore, L. B., Trans. Roy. Soc. N. Z., 12 333 (1943). 
* Moore, L. B., Trans. Roy. Soc. N. Z., 78, 48 (1950). 


Feeding of a Ctenophcre, 
Bolinopsis Infundibulum (O. F. Miller) 


Kolinopsis infundibulum, a lobate ectenophore, is 
known to occur from the arctic to the Mediterranean 
in Huropean waters, and from the arctic to the Gulf of 
Maine in North American waters!-3. Full taxonomic 
details are given by Chun! and Krumbach?. 

m May 15 and 16, 1959, immense numbers of this 
ctenophore oceurred in Port Erin Bay, and up to 
|} miles seawards where they were taken by tow-nets; 
in the shallow waters of the Bay their distribution 
appeared to be fairly uniform from the surface to the 
sea-bed. The next two days witnessed a rapid fall in 
nuinbers, and the organisms had practically dis- 
appeared by the eighteenth morning; after this date 
le. were observed in the area. The ctenophores 
appeared during a warm spell, when the waters were 
fairly calm. They disappeared when a cold east wind 
sprang up, and the seas became choppy. Previous 
records attest to the presence of this species during 
the months of May and June in Manx waters‘. 

‘he size-range taken in the Bay during present 
observations was 3mm. to more than 40 mm. in length 
the longer axis of the body was measured). The 
sal iples (40-60 specimens) were carefully transferred 
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to a large aquarium, and their feeding habits observed. 

The ctenophores fed voraciously on the smaller 
copepods, Podon, Evadne and nauplii offered to them. 
They appeared unable to capture decapod larve and 
the large copepod Calanus. They progressed through 
the water with their large paired peristomial (or oral) 
lobes expanded like trawl-doors, and these were 
observed to come together occasionally to enclose a 
quantity of water containing food-organisms. The 
food-organisms were then propelled, by the strong 
beating of the stout flagella on the auricles, towards 
the oral tentacles surrounding the cleft-like mouth. 
The oral tentacles are heavily armoured with collo- 
blasts (or ‘lasso’-cells) which have the effect of 
immobilizing the prey so that they helplessly and 
passively pass into the stomodzum in a sheet of 
mucus activated by the oral cilia. 

One specimen, 23 mm. long, was thus observed to 
capture 18 small copepods (Pseudocalanus elongatus, 
Acartia clausi and Temora longicornis), 11 Podon 
intermedius, and 4 Evadne nordmanni. Its stomodeum 
was only about a quarter full with this meal. This 
specimen was transferred to a bowl devoid of food- 
organisms, and the food-organisms it contained were 
observed to be digested in about an hour (58 minutes) 
after ingestion. The end-products of digestion were 
found streaming away from the stomodzum via the 
four large inter-radial canals into the gastro-vascular 
network. Indigestable particles were voided through 
small apertures of the gastrovascular canals, as has 
been described for ctenophores in general by Hymané. 

The samples kept in the aquarium did not survive 
for more than 4 days, even though they were fed on 
fresh plankton. 

My thanks are due to Dr. D. I. Williamson for his 
help; and to Mr. J. 8. Colman for his criticism and 
interest in these observations. 


A. K. NAGABHUSHANAM 


Marine Biological Station, 
University of Liverpool. 
Port Erin, Isle of Man. 

Chun, Carl, “Die Ctenophoren des Golfes von Neapel und der Angren- 
zenden Meeres-Abschnitte’; Fauna Flora Golfo Napoli, Monogr. 
(1880). 

* Krumbach, Thilo, “Ctenophora’’, Die Tierwelt der Nord-und Ostee, 
Lieferung VII, Teil 3 (1927). 

> Hyman, L. H., “The Invertebrata : 
(New York, McGraw-Hill, 1940) 

***Marine Fauna of the Isle of Man” (2nd edition in preparation). 


Protozoa through Ctenophora”’ 


ENTOMOLOGY 
Stomoxys Control in Uganda, East Africa 


SIncE 1956, field research on the bionomics of 
Stomoxys has been in progress in the north of the 
Mengo District of Buganda Province, Uganda. The 
experimental area lies in an irregular tract of country 
of approximately 200 square miles and_ includes 
territory ranging from wet seasonal swamps at an 
altitude of 4,000 ft. above sea-level to wind-swept 
hills up to 6,000 ft. 

The Stomoxrys population supports an approximate 
species density of (per cent): S. calcitrans, 60; 
S. nigra, 30; S. omega, 10. 

For simplicity in collecting field data, the area was 
split into five sections. This report deals with an area 
of approximately 50 square miles (8 miles 6 miles) 
of low-lying, open acacia woodland. During the dry 
season this area dries out completely, but in the rainy 
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season becomes water-logged and partially flooded. 
It is sparsely populated by a few Bahima settlements, 
whose sole interest, like those of the Karamojong in 
north-east Uganda and the Masai in Tanganyika, 
lies in the rearing of cattle. The Bahima are a nomadic 
race and take no interest in agricultural pursuits. 
This disinclination to practice agriculture is mainly 
responsible for the non-existence of Stomoxys breeding 
places in this particular Bahima area, inasmuch as 
bananas, which are universally grown by the Baganda, 
are not to be found in Bahima settlements. One of 
the main requirements of Stomoxys breeding sites 
during the dry season is the shade afforded by banana 


trees, coupled with the accumulation of rotting 
banana leaves, on the surface of the ground. During 


the dry season, I have found heavy breeding occurring 
in and around cattle bomas outside the Bahima area, 
in rotted banana leaves mixed with animal feces and 
urine. In the absence of urine and sufficient shade to 
keep the substrate moist, no Stomoxys breeding was 
found. 

During the dry season, September to March, adults 
of Stomoxys calcitrans and Stomoxys nigra are present 
in large numbers in this Bahima area, despite the 
fact that no breeding places were detected. 

Typical Bahima bomas consist of dry-cut acacia 
thorn palisades, with no significant shade. Every 
day the interiors of these open bomas are swept 
clear of animal droppings and the manure stacked in 
irregular heaps outside the bomas. (From personal 
experience, manure heaps (consisting only of manure 
with no decaying vegetable matter) have proved 
unsuitable as breeding places for Stomozys.) 

A search for breeding places during the dry season 
proved negative, for everywhere the soil, both in the 
forest and bomas, was rock-hard and dry—conditions 
unsuitable for Stomoxrys breeding. It was difficult, 
therefore, to reconcile such a heavy and continuous 
population of Stomoxys in an area completely devoid 
of breeding places. 

A heavy breeding place of S. calcitrans and S. nigra 
existed adjacent to the swamp area. This consisted 
of a well-shaded cattle boma, from which the manure 
was seldom removed, but was allowed, together with 
dead leaves and cattle urine, to decompose, thus 
producing an ideal breeding site. The cattle from this 
boma were grazed during the week throughout the 
length and breadth of the 50 square miles of swamp 
area in which no breeding places had been found. 
It was noticed that adult Stomoxys were present in 
large numbers, resting at dawn on vegetation sur- 
rounding the boma, and that when the cattle left the 
boma en route for the forest grazing area, the flies 
disappeared. 

The adult population in this boma was destroyed 
by attacks on the adult fly, using 4 per cent chlordane 
miscible oil sprayed upon foliage surrounding the 
boma. Overa period of 3 months two such applications 
were made; the second application was considered 
essential as a result of a freak rainstorm which pro- 
duced 3 inches of rainfall in a period of a few hours, 
six weeks after the initial spraying. One month after 
the initial spraying, no breeding was found inside the 
boma and no adults were seen resting on the boma 
vegetation at dawn. Within less than 3 months, the 


Stomoxys population over an area of 50 square miles 
had been reduced by 99 per cent. During the 3 months 
under consideration, the Stomoxys population in the 
other four sections of the experimental area remained 
at a high and constant level. 
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Further and more detailed experiments are now 
being planned to substantiate the above results. 

It would therefore appear that, in this particular 
ease, Stomoxys does not breed in numerous small 
breeding sites scattered over a wide area, but is 
confined to only a few sites, where intense breeding 
occurs. In my opinion, breeding places of Stomoxys 
are very select, very few and far between, and easily 
identifiable under local African  cattle-farming 
conditions. : 

H.C. M. Parr 
Animal Health Research Centre, 
Entebbe, Uganda, 
East Africa. 
June 29, 


Age Determination in Mansonioides Mosquitoes 

OBSERVATIONS by Bertram and Samawickrema! 
have shown that it is possible to determine the number 
of times that Mansonioides mosquitoes have laid 
eggs by examination of the ovaries for corpora lutea, 
a technique developed by Russian workers using 
Anopheles maculipennis?. Knowing this, and the 
time taken from feeding to maturation of eggs it has 
been suggested that a precise estimate of the age of 
individual mosquitoes should be possible. Exam- 
ination of the ovaries of laboratory-bred M. uniformis 
which had laid one to four times confirmed that, with 
practice, it was possible to count the number of 
corpora lutea, and the technique was then tried with 
wild M. longipalpis, M. annulata and M. uniformis. 
The first two species are typically swamp-forest 
mosquitoes and the major vectors of filariasis due to 
Wuchereria malayt in several parts of Malaya, while 
M. uniformis breeds mainly in open swamps and 1s 
also a vector. 

Mosquitoes were caught unfed as they attempted to 
bite in the early evening and the ovaries of practically 
all were early stage II when examined the following 
morning. With these mosquitoes it was a simple 
matter to identify nulliparous specimens, and relatively 
simple to identify specimens which had laid once 
only, but in specimens which had laid more than 
once it was difficult to separate the ovarioles properly 
to show the maximum number of corpora luteu. 
There was considerable variation in the amount of 
pigmented material in the corpora lutea, both between 
mosquitoes of the category and between 
ovarioles in the same ovary. However a much more 
serious problem in age estimation has arisen with tlie 
finding that some . longipalpis mosquitoes carrying 
infective stage filarial larva, had laid only one batcli 
of eggs. Both Wuchereria and Dirofilaria infections 
develop in .M. longipalpis and the minimum incubation 
period from ingestion of microfilarize to the appearance 
of infective larve is 10 days. A total of 22 4. 
longipalpis with infective larve have now been 
examined ; one had laid three times, 12 had lid 
twice and 9 had laid once only. Thus over 40 per evnt 
of these mosquitoes, known to have lived for at least 
10 days since feeding on an infected man or animal, 
had laid only one batch of eggs. Although Mun- 
sonioides mosquitoes require 3-4 days for eggs to 
mature, eggs almost invariably develop after ‘he 
first blood-meal so the explanation that two blo: d- 
meals were required to complete the first gonotrop/c 
cycle, as is apparently the case with A. gambi: 
seems unlikely. Most of the mosquitoes were caught 
in swamp-forest at least a mile from the nearest 
known breeding place and three miles from the 
nearest houses. Some time must therefore have been 
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spe nt in travelling to and from oviposition sites and, 
unless suitable wild animals hosts were readily 
available, a considerable time may have been spent 
in search of blood-meals. These two time factors 
have been given little attention in the calculation of 
mosquito survival. They may be of little significance 
in species living and breeding in close proximity to 
man such as A. gambie and A. funestus which 
Davidson‘ assumed to feed every second or third day 
depending on whether the gonotrophic cycle occupied 
2 or 3 days. On the other hand they are clearly 
important in species which occur in very large 
nuinbers in places where sources of blood appear to 
be scarce and which may have to travel considerable 
distances from their breeding sites in search of a 
blood-meal. Preliminary results of age-grading 

‘ Se-§ g 
Munsonioides mosquitoes (Table 1) indicate that 
nearly half the M. longipalpis mosquitoes caught in 
forest are nulliparous and few have laid more than 
once. An even larger proportion of M. uniformis 
cauzht near houses a short distance from their 
brecding sites are nulliparous but comparatively more 
go on to lay 2 or 3 batches of eggs. Haddow® has 
sugeested that “in the vicinity of a tropical swamp 
the numbers may be so overwhelming that it seems 
quite inconceivable that more than quite a small 
proportion can ever obtain a blood-meal’”’. This is an 
exaggerated version of the Mansonioides mosquito 
population in swamp-forest in Malaya but under such 
circumstances determination of the actual age in days 
if individual mosquitoes becomes an impossibility. 


- 4 


fable 1. NUMBERS OF EGG-LAYING CYCLES COMPLETED BY WILD 
POPULATIONS OF Mansonioides MOSQUITOES IN MALAYA. 
Number of egg-laying 
Species 
0 1 z 3+ 
i. longipalpis Number 167 148 32 6 
Per cent 47 42 9 2 
\f. uniformis Number 178 86 37 10 
er cent 57 27 12 4 
— method of age-estimation has been 
sugy ed by Gillett® who found that young M. 


afrie os mosquitoes were infected with parasitic larval 
hydri ichnid mites more often than old mosquitoes. 

Examination of Malayan Mansonioides mosquitoes 
shows that mites occur on M. longipalpis, 
and M. uniformis but that only M. uniformis is 
heavily infested (Table 2). This limits the value of the 
method for Malayan conditions but examination of 
the ovaries of infested mosquitoes indicates that 
practically all are nulliparous, only 3/94 M. uniformis 
and 2/40 M. longipalpis had laid eggs and only one 
filarial infection has been recorded in a mosquito 
carrying mites (Table 2). The mites apparently 
remain attached to the mosquito until it returns to 
water for egg-laying. Thirty-two mite-infested 
M. uniformis were confined over Pistia plants for 
egy-laying one evening and when examined the 
following morning 13 were still infested but the total 
number of mites on the mosquitoes was reduced from 
93 to 24 and many mites were found quiescent among 


M. annulata 


Table 2. INFESTATION OF Mansonioides MOSQUITOES WITH LARVAL 
HyDeacHNID MITES AND FILARIAL INFECTION RATES IN MITE- 
INFESTED AND UNINFESTED MOSQUITOES. 


Numbers Filarial infection rate 
Species of 
mosquito Examined Infested Infested Uninfested 
mosquitoes mosquitoes 
\!. longipalpis 2219 135 0-7 1-9 
M. annulata 625 3 0-0 1:1 
M. uniformis 1975 475 0-0 1:3 
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natural 
conditions very few mites remain attached after the 
first egg-laying and the presence of mites can be 
regarded as a reliable indication that the mosquito is 
young and probably nulliparous. 

A further qualitative character noticed first by 


the Pistia rootlets. Presumably under 


Crosskey? with Simulium damnosum, which dis- 
tinguishes old mosquitoes, is the condition of the 
Malpighian tubes. In nulliparous mosquitoes the 
tubes are always dark and opaque but in old mosquitoes 
they become cleared and transparent. Not all 
mosquitoes which have laid once or even twice show 
significant differences from nulliparous specimens 
but any mosquito in which the tubes have become 
transparent is almost certain to have laid at least two 
batches of eggs. 
R. H. WHarton 
Institute for Medical Research, 
Kuala Lumpur, 
Federation of Malaya. 
June 29, 


1 Bertram, D. S., and Samawickrema, W. A., Nature, 182, 


2 Gillies, M. T., Trop. Dis. Bu » 713 (1958). 

* Gillies, M. T., Ann. Trop. Med. Parasit., 48, 58 (1954). 
4 Davidson, G.. Ann. Trop. Med. Parasit.. 49, 24 (1955). 
5’ Haddow, A. Jo Bull. ent. Res., 45, 199 (19: “ig 


$44 (1958). 


®* Gillett, J. D., Ann. Trop. Me i. Parasit., 151 (1957). 
7 Crosskey, R. W. , Ann. Trop, Med. Parsi, "52, 149 (1953). 
BACTERIOLOGY 


Taxonomic position of Arthrobacter 
It has long been recognized that a considerable 
number of different types of Gram-positive, non- 
sporing bacilli of irregular morphology occur in soil, 
and their relationship to the ¢ 
much discussed.- 


Corynebacteria has been 
One solution to the problem has 
been to widen the scope of Corynebacterium to include 
all such bacilli, but it is now generally felt! that this 
would place together in one genus very dissimilar 
organisms and create more problems than it would 
solve. Conn and Dimmick? proposed that at least 
one group of these soil organisms, the morphology of 
which shows some resemblances to Corynebacteria 
should be placed in a separate genus, for which they 
proposed to revive the old name Arthrobacter. The 
type ‘species suggested by Conn and Dimmick was 
Arthrobacter globiformis, originally described by Conn? 
as Bacterium globiforme. 

In previous work we have noted that strains of 
Corynebacterium are characterized by a distinctive 
pattern of sugar and amino-acid components in their 
cell wall, namely arabinose and galactose as sugars, 
and alanine, glutamic acid and DL-diaminopimelic 
acid as the principle amino-acids: furthermore this 
pattern of cell-wall components is shared by strains of 
Mycobacterium and Nocardia‘, 

We now report briefly the 
analysis on 7 strains of 


results of cell-wall 
Arthrobacter, and our findings 
would seem to indicate that there is no close relation- 
ship between these organisms and the Corynebacteria 
proper..The material for analysis was kindly provided 
by Dr. Gereth Morris of the Biochemistry Department, 
Oxford, in the form of freeze-dried suspensions. 
These were resuspended in saline, and the cell-wall 
fractions were prepared, hydrolysed and examined as 
previously described‘. The purified cell-wall fractions 
were also tested for their susceptibility to lysozyme 
digestion by suspending them in 1/30 phosphate 
buffer pH 6-3 +lysozyme 100 ugm./ml. and incubating 
at 40°. The progress of lysis was estimated roughly 
by comparing each treated suspension with a control 
suspension in the same buffer without lysozyme. 
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Table 1. CELL WALL COMPOSITION IN STRAINS OF Arthrobacter, 


Cell wall components present 


Z g » &§ 

2 o ) oA 3S 

R=] = 3 cS FS 

Ete 2 ¢ <= 

rc) <) = c 

irthrobacter globiformis N.C.1.B. 8602 rt t 

Arthrobacter citreus N.C.LB. 8915 +t - 7 

Arthrobacter ureafaciens N.C.1.B. 8916 ttt f 

Arthrobacter pascens N.C.1L.B. 8910 ttt tr Tr 

Arthrobacter aurescens N.C.1.B. 8912 ttt + 

Arthrobacter simplex N.C.L.B. 8913 = ttt T 

Arthrobacter tumescens N.C.A.B. 8914 t + : y T 
Corynebacterium diphtheriw (results 
taken from Cummins and Harris, 

ref. 4). at «(tt t t 
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AND THE EFFECTS OF LYSOZYME ON THE ISOLATED CELL 
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In recording the amino-acids, trace amounts have been ignored to avoid undue complication. 


The results of cell-wall analysis and the effects of 
lysozyme are shown in Table 1. From our previous 
results! it appeared that the amino-acid pattern of 
the cell walls is of significance at approximately 
generic level, and in the se 7 strains there are 2 distinct 
groups in terms of the principal amino-ac ids of the 
cell wall. One, comprising 5 strains including 
A. globiformis, has alanine, glutamic acid and lysine 
as the prince ipal amino-acids of the wall. The other is 
composed of the 2 str uins called A. simplex, N.C.I.B. 
8913 and A. tumescens N.C.I.B. 8914, both of which 
have 4 amino-acids in the wall, that is, alanine, 
glutamic acid, glycine and Lu-D.A.P. 

In commenting on these results, it may be noted 
first that the cell-wall composition of these strains of 
Arthrobacter follows the general patterns already 
established for other Gram-positive bacteria‘, and 
secondly that the 7 strains examined differ from the 
Corynebacteria both as to the sugars and the amino- 
acids of their cell walls. This can be seen from 
Table 1 where the cell-wall composition of C. diph- 
therie is included for comparison. The fact that of the 
7 strains examined 2 differ from the others in amino- 
acid pattern suggests that the organisms at present 
classified in Arthrobacter® may still be of mixed origin. 
However, the first 5strains in Table 1 seem to form a 
fairly homogeneous group which moreover contains a 
representative of the type species, A. globiformis. 
It is of interest that the cell-wall pattern of these 
5 strains bears a considerable resemblance to that of 
Actinomyces israelii where the principal components 
found were galactose, glucosamine muramic acid, 
alanine, glutamic acid and lysine’. That of the 2 
aberrant strains however (Arthrobacter simplex and 
A. tumescens) is very similar to the pattern of com- 
ponents found in Streptomyces or Propionibacterium. 

The activity of lysozyme on these cell-wall fractions 
was investigated in the hope that it might reinforce 
the cell-wall findings, but the results seem merely to 
provide another example of the fact that it is not 
possible to determine whether or not the cell walls of 
a given species will be lysozyme-sensitive merely by a 
knowledge of the components present®. There seems 
to be no qualitative difference between the cell walls 
of Arthrobacter globiformis 8602 and those of A. citreus 
8915, yet the former are attacked by lysozyme 
(although slowly) while the latter are unaffected. 
The difference may lie in the O-acyl content of the 
walls, as has been demonstrated for lysozyme-sensitive 
strains of Micrococcus lyso- 
Wardlaw and Park?. The 


and lysozyme-resistant 
deikticus by 


Brumfitt, 


cell walls of Arthrobacter tumescens seem to be highly 
sensitive to lysozyme, and it was obvious from the 
decrease in tubidity that 
lysis had occurred within 1-2 min., although it was 
not judged complete until some minutes later, when 
the originally turbid suspension had become water 
clear. 

We must thank Dr. Gareth Morris for providing the 
freeze-dried suspensions of Arthrobacter, and Miss 
Sylvia Start for technical assistance in the preparation 
of chromatograms. 

C. 8S. Cummins 

Department of Bacteriology 

H. Harris 

Department of Biochemistry, 

London Hospital Medical College, 
London, E.1. 
June 10 
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Formation of Streptolysin S by Streptococcal 
Protoplasts 


As has been reported previously the production of a 
hemolytic toxin, streptolysin S, by streptococci is 
greatly stimulated by adding oligonucleotides with 
high guanylie acid content!. 

In order to study the mechanism of streptolysin § 
formation, an attempt has been made to simplify the 
method of its formation and we have succeeded in 
producing the toxin with streptococcal protoplasts 

Strain S No. 8, group A hemolytic streptococcus 
was grown in a horse heart infusion broth (a modified 
Todd-Hewitt medium) for 15 hr. at 37°C. 5 ml. of 
this culture was inoculated into 100 ml. of the fresh 
medium having the same composition and incubated 
for 6 hr. at 37°C. The cells were harvested by 
centrifugation and washed twice with phosphate 
saline (pH 7:0). The protoplasts were prepared by 
incubating the washed cells with a partially purified 
lytic enzyme from a bacteriophage lysate of group C 
streptococci? in 0-5 M sodium succinate (pH 7-0) for 
20 min. at 20°C. The conversion to protoplasts was 
tested both by osmotic rupture in a_ hypotonic 
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Table 1. FORMATION OF STREPTOLYSIN S BY PROTOPLASTS AND 
INTACT CELLS. 
Amount of hemolysin 
Time of 

incubation Active 

(min.) Active Core fraction 

fraction casein 

hydrolysate 

30 4 3 2 
60 40 32 20 
Protoplasts 90 70 70 40 
120 85 43 43 
150 85 32 70 
60 11 20 s 
90 32 20 12 
Intact cell 120 35 25 10 
150 40 64 16 
180 64 32 12 


The hemolytic unit (H.U.) is the amount of hemolysin which will 
lyse half the erythrocytes contained in 1 ml. of phosphate-buffered 
saline (pH 7-0) in 2 hr. at 37°C. 


inedium and by observation through a phase contrast 
microscope. The protoplasts were collected by 
centrifugation at 4,000 r.p.m. for 10 min. in the cold 
and resuspended (concentration of protoplasts, 10 
mgm. dry weight per ml.) in the reaction medium 
containing : sodium succinate (pH 7:0) 0-5 M:; 
magnesium sulphate 0-002 M ; potassium phosphate 
(pH 7:0) 0:03 M; maltose 0-005 M; and oligo- 
nucleotide fraction! (the material of yeast ribonucleic 
acid (core) resistant to pancreatic ribonuclease) 
200 pgm./ml., or 100 ygm./ml. of the active fraction 
of core obtained by chromatography on an ‘ECTEOLA’ 
cellulose column. The suspension was incubated at 
37°C. and at appropriate intervals an aliquot was 
withdrawn, chilled at —20°C. and centrifuged at 
4,000 r.p.m. for 10 min. in the cold. The hemolytic 
activities in the supernatants were determined using 
a freshly prepared, 3 per cent rabbit erythrocytes 
suspension. A control experiment was carried out in 
the same conditions with intact cells in place of 
protoplasts. 

Table 1 shows that protoplasts can produce more 
toxin more rapidly than intact cells under these 
conditions. 

\ddition of an amino-acid mixture (‘Difco’ casein 
hydrolysate) at a concentration of 1 mgm./ml. 
inhibited toxin formation in both protoplasts and 
intact cells. 

Gooder and Maxted* recently reported that the 
streptococcal protoplasts could be obtained with 
either 2 M sucrose or 2 M sodium chloride as sup- 
porting media. In our case, however, the formation of 
streptolysin S was strongly inhibited in these hyper- 
tonic media and 1-6 M sucrose, 10 per cent poly- 
ethyleneglycol, 0-5 potassium chloride and 0:5 
potassium monohydrogen phosphate failed to support 
the protoplasts of this bacterium. Such media as 
0:5 M fumarate, malate, malonate, citrate and tartrate 
supported the protoplasts, but succinate is most 
satisfactory in view of the inhibitory effect of other 
salts on toxin formation. 

We wish to thank Dr. W. R. Maxted for the gift 
of group C streptococcus and its phage. 

YOSHIHARU MARUYAMA 
SADAKO SuGAI 
FucGio EGAmMI 
Department of Biophysics and Biochemistry, 
Faculty of Science, University of Tokyo, 
Bunkyo-ku, Tokyo. 
June 26. 


Tanaka, K., J. Biochem., 45, 109 (1958). 


*Maxted, W. R., J. Gen. Microbiol., 16, 584 (1957). Krause, M. 


* 
_ J. Exp. Med., 106, 365 (1957). 
Gooder, H., and Maxted, W. R., Nature, 182, 808 (195s). 


NATURE 


833 


Growth of Bacterium coli and Staphylococcus 
albus in Heavy Water 


In the mid 1930’s when heavy water became 
available, workers experimenting on its biological 
effects reported delayed growth, complete inhibition, 
and morphological changes in many types of organisms 
including bacteria’»?._ Some reported normal growth‘, 
Recently Walker and Syrett‘ confirmed the inhibition 
of autotrophic growth of Chlorella by heavy water 
but found less inhibition in the presence of glucose. 
Growth of two strains of bacteria in buffered 
nutrient heavy water broth, prepared by redissolving 
lyophilized aqueous nutrient broth in 99-8 per cent 
heavy water (Norsk Hydro), was compared with 
their growth in aqueous medium and in medium with 
various concentrations of heavy water. Small inocula 
were prepared by growing and suitably diluting 
overnight cultures of the test organism in the 
experimental medium. 
In heavy water the growth of both strains was 
slower than in ordinary water. The _ specific 
growth rate in ordinary water was 2-0 times greater 
for Staphylococcus albus and 2-5 times for Bacterium 
coli. Even after repeated subculture in 99-8 per cent 
heavy water medium the organisms were morpho- 
logically indistinguishable from those grown in 
ordinary water and the colonial morphology was 
unchanged. 
In lower concentrations of heavy water the doubling 
time was roughly proportional to the antilogarithm 
of the concentration of heavy water. 
The addition of glucose to heavy water broth 
produced an effect no greater than in ordinary water 
broth, and Bacterium coli was able to grow in a 
99-8 per cent heavy water medium with glucose and 
ammonia as sole carbon and nitrogen sources. 
ELIZABETH VAN Horn 
G. C. WARE 

Department of Bacteriology, 

University of Bristol, 
Canynge Hall, Bristol 8. 
June 16. 
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Indications of Glacierization in the 
Siwalik System in India 


THE Indian sub-continent was not subjected to 
glacial conditions during the Quatenary Era, but its 
highlands, namely the higher ranges of the Himalayas 
up to the latitude of about 33 degrees, were. 

The Great Ice-age is believed to have commenced 
everywhere during Lower Pleistocene times, as proved 
by the occurrence of glacial deposits lying directly 
over the Pliocene rocks. de Terra!, who has studied 
the glacial geology of the Himalayas, is of the opinion 
that the Boulder-Conglomerate, the uppermost 
member of the Siwalik system, corresponds to the 
second or the Mindel stage of the glacial cycle and the 
Interglacial interval immediately following it and is, 
therefore, of middle Pleistocene age. If this is so, the 
underlying Tatrot and Pinjor stages should represent 
the first ice advance and belong to lower Pleistocene. 

Accepting this suggestion, Pilgrim? considers the 
Pinjor and Tatrot stages as belonging to the upper 
Pliocene and not to the lower Pleistocene, particularly 
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in view of the unconformity that de Terra presumes 
to exist between the Boulder-Conglomerate and the 
Pinjor stage. It is very important that both de Terra 
and Pilgrim make no mention of any evidence of 
glaciation in the Pinjor or the Tatrot stages. Hopwood 
and Lewis® consider the Pinjor zone as lower Pleisto- 
cene on fossil evidence alone. 

I have studied the Pinjor zone where it is exposed 
near the village of Khanpur, close to Jammu, latitude 
33° N. and longitude 75° E. approximately. The 
basal clayey bed of the zone is overlain by a fairly 
thick conglomerate bed. The conglomerate consists 
mostly of pre-cambrian quartzitic pebbles and 
boulders, a few pebbles and boulders of the Panjal 
trap, Permian limestone and the Murree sandstone, all 
held together by a coarse arenaceous matrix, con- 
taining undecomposed grains of felspar. The pecu- 
liarity of most of the pebbles and boulders in the 
conglomerate is that they possess a fairly high degree 
of surface-polish, unlike other pebbles and boulders 
in the beds below or above. The Panjal trap boulders 
also exhibit good faceting and fine glacial striations. 
The high degree of polish of the quartzitic boulders 
seems to indicate what might be termed ‘silt-polishing’. 
This term has been used by Grinlinton* during his 
researches in the Liddar valley. I am thus led to 
conclude that the Pinjor zone belongs to the first inter- 
glacial period and the underlying 'Tatrot zone to the 
first glacial period. On glacial evidence, therefore, the 
Tatrot and Pinjor zones are of lower Pleistocene age. 


R. C. MEHDIRATTA 
Department of Geology, 
University of Jammu and Kashmir, 
May ll. 
1de Terra, Ree. Geol. Soc. Ind., 73, Pt. A. 
? Pilgrim, Ree. Geol. Soc. Ind., 73, Pt. 4 
§ Hopwood and Lewis, Ree, Geol. Soc. Ind., 73, Pi. 4. 
‘Grinlinton Geol. Sure. Ind. Mem. 49, Pt. 2 
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Influence of Site and Season 
on Agricultural Variety Trials 

IN recent work at the National Institute of Agricul- 
tural Botany! the variation between centres and 
seasons has been studied in large numbers of cereal 
variety trials. It was found that the standard devia- 
tion of relative yields for wheat, barley and oat 
varieties in England and Wales is of the order of 
10 per cent, when based on results from several 
centres in one or more seasons, but may be influenced 
by the actual varieties in trial. Comparable figures for 
this between trials ‘error’ have now been obtained for 
relative yields of roots and dry-matter in fodder beet 
(12 per cent), dry-matter yields of lucerne from single 
cuts (11 per cent), yields of maincrop potatoes (14 per 
cent), and of marketable heads of winter cauliflowers 
(16 per cent). In the absence of clear guidance from 
plant physiologists as to the critical conditions 
determining yield in each crop, attempts to relate these 
differences in relative varietal performance to parti- 
cular environmental factors have not often been 
successful with the 20—40 results usually available for 
each pair of varieties. There is at present, therefore, 
little practicable alternative to basing varietal advice 
to farmers on national average results, although the 
search for environmental adaptation continues. 

The differences in error according to the particular 
varieties in trial confirm Salmon’s finding? for wheat 
in America that year-variety interactions are not 
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always homogeneous and imply the need for caution in 
using the analysis of variance for variety trial series, 
Such caution is also necessary for physiological con- 
siderations do not necessarily support the underlying 
mathematical assumption of the analysis of variance 
that varietal differences are additive: it seems perhaps 
more probable that differences between varieties will 
be, for example, greater where the general level of 
yield is high. 

There are other important implications for agricul- 
tural variety testing procedures. At least 20 trials over 
a representative range of centres and seasons are thus 
usually necessary to obtain significance at P 0-05 for a 
5 per cent difference in yield between two cereal 
varieties. A lower between-trials error, leading to 
significance from fewer trials, is not necessarily a 
matter for congratulation, but suggests that the trial 
centres or seasons may not have been sufficiently 
representative. 

If yield results from single cereal trials are to be 
considered as having validity beyond the particular 
field and season of the trial, the standard error of the 
mean variety yields from that one trial should not be 
considered as than about 10 per cent. Much 
greater internal precision within individual trials is, 
therefore, uneconomic. Engledow and Yule? have 
pointed out that it is ‘no use spending great pains on 
the endeavour to reduce the effects of one sort of 
error (within trial) when another is left uncontrolled”. 
They were discussing seasonal differences: differences 
between centres are no less important. To illustrate 
this, a series of 21 spring oat trials with 6 replications 
of 4 varieties in 1/48-acre plots at 7 centres over 3 
years has been analysed to study the effect of reducing 
numbers of replications as follows: 


less 


No. of replications in each 
of 2L trials .. é- te 
Standard deviation of 

variety vield as percentage 
mean plot yield a 


11-2 12-4 


Varietal differences were significant at P 0°:001 with 
only one replicate at each centre. Similarly my 
colleague, C. G. Finch has recently undertaken four 
trials of summer cauliflowers in one season, each with 
single plots of 101 varieties: the significant difference 
between the proportions of perfect heads was 17°8 per 
cent, compared with figures of between 12°8 and 20:0 
per cent from the means of five trials each with 6 
replications in earlier years. 

In variety trials adequate and substantial replica- 
tion between centres and seasons is therefore essential, 
and 2 or 3 replications within each of the centres is 
likely to be sufficient for yield asséssment. The long- 
established practice of testing varieties at representa- 
tive centres for several seasons is thus amply justified. 
The results now reported emphasize that when seed 
or facilities are limited, it is more important to cover 
the main environmental conditions than to achieve 
high accuracy in individual trials. 

Similar conclusions may well apply to other types of 
agricultural investigation for which it might also be 
profitable to examine the variation between centres 
and seasons under British conditions. 

A. SANDISON 


National Institute of Agricultural Botany, 
Cambridge. 
May 11. 
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